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HIS EXCELLENCY, 

WILLIAM GRASON, 

GOVERNOR OF MARYLAND: 

I HAVE the honor to lay before your Excellency, here- 
withy a Report on the Manufacture of Iron, with reference 
particularly to its extent and amount in Maryland. 

What has been here done, will much diminish the 
difficulty and labor of collecting, annually hereafter, such 
statistical facts as will keep pace with the progress of a 
branch of industry, which is continually increasmg in 
importance to the State. 

I beg your Excellency to accept the assurances of my 
profound respect. 

J. H. ALEXANDER. 



Annapous, 13 March, 1640. 



INTRODUCTION. 



Thb foUowiag Report ii the fruit of a careful ezuninatioit of 
levenl eitabliihinents for manafacturing Iron in Great Britain, 
performed during the iummer and autumn of the past year, and 
of similar inquiries extensively made from establishments of 
the same kind in our own State. 

Its design was to exhibit the results which had been already 
attained in this department of productive industry, among our- 
selves; and also by the suggestion of advantageous and improved 
methods, employed elsewhere, but unknown or little , used here, 
to contribute in some degree to its farther advancement. 

The work is divided into four Chiq>ters : of which the first 
contains a sketch of the history of this manufacture through 
its successive periods. The question of its antiquity (which 
has been by all preceding writers assumed, on the one or the 
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other tide,) has not been discuised, farther than to present the 
testimonies of the principal authorities that bear upon the 
subject. To do this, I have of course been obliged to refer to 
the ancient classical writers, and sometimes to quote their own 
words ; but, I hope, it will not be found that I have been led 
away into any minuteness of verbal criticism or affectation of 
literary research, inconsistent with the practical nature of the 
matter. The portion of this chapter which relates to the modem 
history of the manufacture, is merely a chronological arrange- 
ment of its progressive epochs, according to the best authorities ; 
and the part relating to Maryland is supposed to be interesting, 
as shewing the very important relations which our State has 
already, in this regard, held to the manufacturing interests of 
Great Britain. I have been careful to append in notes, detailed 
references to the authorities which I have consulted: from the 
farther examination of which, any one, so disposed, may pursue 
the subject intb more details than would have been suitable in 
the present sketch. 

The second Chapter contains a view of the geographical 
position and occurrence of the different ores of Iron, according 
to their respective uses and applicability, in a metallurgic sense, 
for manufacturing purposes. The present geological survey of 
Maryland enables me to give more accuracy and general interetl 
to this view, (so far as our own territory is concerned,) than could 
otherwise have been attained or expected. 

The third Chapter is devoted to miscellaneous particulars, (yet 
arranged with as much order and precision as could be used,) 
touching the materials and methods, which are applied in the 
different stages of manufacture. I have taken some trouble to 
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exhibit copious analysei of the ores, coals, &c. which enter into 
the primitive processeg; and in this regard it may be looked 
upon as the depository of some valuable in£vmation, hitherto 
much scattered or not accessible. It was my purpose to have 
presented these particulars, as they relate in full to the ptepara* 
tion of bar-iron, as well as the manufacture of crude or pig-iron ; 
but I found, that to do this, would expand the size of the Beport 
beyond either the present convenience of the writer, or perhaps 
the taste and patience of its readers. That portion is therefore 
reserved for another occasion. 

I look upon the publication of this part of the Report, as likely 
to be attended with desirable results in two ways : P the great 
facilities which exist for a cheap manufacture with mineral coal 
in the western part of the State, will be encouraged and advanced 
by more knowledge of the successful methods, which are uni* 
versally applied in the use of the same fuel, in (jrreat Britain: 
and 2^ the £nglish manufactories, from the exhibition of favor- 
able results in this country from another fuel, may possibly be 
induced to employ the charcoal of wood, (which is in sufficient 
plenty to admit of much more extensive iqipliance than is now 
allowed to it,) in several processes; whereby we may expect 
the production of a better, and proportionably a cheaper article. 

On the apparatus, and its modifications, for the hot-blast, I 
have not said as much as it would otherwise deserve, because 
an English translation has not very long since been made of the 
elaborate enquiry of a French Commission (in 1834, deputed to 
England) with regard to this very subject: and it has been 
rather my aim to furnish new and well verified facts, than to 
compile merely a resume of those, which had been observed, 
commented on, or published in such form as to be of easy 
access, before. 

B 
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The use of anthracite as the fuel for blast-furnaces, (which hai 
long been of much interest to the proprietors of the fields of that 
sort of coal in Pennsylvania, and is lately becoming more so, on 
account of the reputed successes with a similar combustible at 
the Yniscedwin Works in S. Wales,) has not been discussed, 
because of its want of connection with the processes that are or 
can be employed in Maryland, where no anthracite occurs. It 
is presumed, that the principles which are laid down in the 
course of the Report, are equally applicable to all kinds of fuel, 
according to their respective constitutions; and that with an 
anthracite not presenting too much earthy matter in combina- 
tion, nor having the property of decrepitating into small frag- 
ments upon the application of heat, both of which are frequent 
occurrences, there would be no obstacle, with a suitable supply 
of air, in manufacturing hot-blast iron. Whether an economy, 
as great as that affirmed by Mr. Crane, will occur in the general 
average employment of this fuel, is a matter that cannot yet be 
judged of: and the quality of the iron so made, except inasmuch 
as it is reasonable to suppose the metal will partake of all the 
qualities, favorable and unfavorable, of hot-blast iron, is equally 
now to be left indeterminate. 

The fourth Chapter treats of the most important chemical 
phenomena which are observable in furnaces, and attempts to 
explain them upon correct and well recognized chemical princi- 
ples. As far as theory admits of practical application, it would go 
to diminish much of the irregularities and make up for the defi- 
cient production of many establishments, particularly in our own 
countiy. Almost the first step that was taken on this subject in 
England, (otherwise than the occasional references of scientific 
chemists,) was in 1819, by a man who deserves to be considered, 
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in many regards, an extraordinaiy person* Samuel Rogers, (the 
name of this person,) a working-hand about one of the estab- 
lishments in Monmouthshire, had yet by some means acquired a 
veiy judicious comprehension of the aim and application of the 
science of chemistry; and several oC the remarkable discoveries 
of the last fifteen years in this manufacture, are to be found, 
either in germ or more distinctly brought out, in certain letters, 
which during the year mentioned, he wrote and proposed to 
publish. There was reason to suppose that the effect of his 
views, if adopted, would have tended to equalize the propor^ 
tionate products of establishments of different sizes, and possess- 
ing different natural advantages: but the interest of the large 
and favourably situated manufactories was not to encourage this 
equalization, or, as they thought it, rivaliy; and, by temptations 
of whatever kind, Rogers was induced to give no more than his 
first three letters to the public. But a few copies of the work, 
^ he had prepared it, still exist in manuscript; and one of 
these is now in my possession. Upon a careful perusal, I can* 
not but think that the Iron-masters over-rated the influence 
which the entire publication would have had; and Rogers was 
perhaps acute enough to come to the same conclusion. How-^ 
ever, it would have been unjust in any treatment of the same 
subject, to have withheld the honorable mention of himself and 
his work, which I have thought proper here to make. 

Connected with the objects of this chapter, is the assemblage 
of principles upon which may be based a classification of the 
different kinds of crude iron that are manufactured. I have 
pointed out all the well recognized distinctions that have led 
to the formation of existing classes, and, as far as could be, have 
endeavoured to shew how these and others (not perhaps so well 
known) may lead to a greater generalization. As an adjunct in 
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this purpote, I have alluded to some new xesearches, which I 
had made, before and during the preparation of this Report, upon 
the mechanical structure of crude iron, manifesting itself under 
a strong microscope. So far as I am aware, the examinations 
of this sort hitherto, have been, either, upon iron which was 
under chemical treatment, or, upon specimens fractured under 
loads, with the view of ascertaining the directions of the strains 
which had been operative : but neither case teems to have ex- 
tended itself to embrace the principles or features upon which a 
new classification could be founded, or the old divisions verified. 
The researches to which I have alluded, were made upon the 
assumption that solid bodies generally, in cooling from a state of 
fusion, tend to take a regular ciystalline form, peculiar to each 
one respectively ; and that in the case ci a compound resulting 
bom the union of different substances in the same mass, the crys- 
taUine form, after fusion, varies according to the propOTtions of the 
several substances, and the degree of heat to which they have 
been submitted ; so that the mechanical properties of such a com- 
pound will be manifested, in great measure, by the modifications 
of its mechanical structure. In the case of crude iron, which is 
a compound of the nature mentioned, it was expected that the 
peculiarities of structure would lead to a determination of the 
proportions of the combined impurities, of the measure of the 
imponderable agents, (heat, electro-magnetism, etc.) which had 
been active, of the nature of its mechanical accidents, (cohesion, 
stiffness, elasticity, etc.) and thus of the greater or less applicabi- 
lity of the same or different specimens, to the several practical 
purposes for which this metal is every day used. The interest 
attached to determinations of this kind, both among scientific and 
practical men, is well recognized. 
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All the examinatioiis which I have hitherto made, hare been 
of an analjrtic character: it would be obviously prematmre to 
make deductions from them, before the other division (the sy^ 
thetic experiments upon pure iron exposed to uniform heat in 
association with different substances) is complete. This is a labor 
yet to be performed ; and I have therefore in this chapter made 
no further use of the results which I have obtained, than to 
refer occasionally to the different ciystalline forms, which have 
exhibited themselves in specimens that have come under my 
inspection, and to point to their connection with the general 
classification that I have indicated. 

The part contributed by the blast towards the formation of 
crude iron, is of such importance that I have thought it neces- 
sary to be somewhat full and particular on this subject; and I 
have aimed, by the presentation of a new and carefully con- 
structed Table, to furnish means of satisfying several questions of 
interest in this regard, which could only be answered otherwise 
after a long calculation. 

In relation to the relative strength, and several other mechan- 
ical properties, of crude ifon manufactured with hot-blast, I have 
taken pains to collect and exhibit in a series of Tables, the final 
results of the latest and best experiments which have been made 
for the determination of this disputed point In view of the 
precautions employed, and the fullness of preparation and detail 
allowed, in these experiments, I think the results I have exhibited 
may be considered as bringing the question now within narrow 
limits. 

Finally, I have mentioned the several processes which have 
been devised in Europe for economizing the great propcxtion of 
heat which is lost in the ordinary construction of furnaces, both 
there and here; in the hope that the information may thus 
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command th6 attention of those persons to whom it will be very 
serviceable, and out of whose view it might otherwise have 
remained. One of these processes, in particular, has been adopt- 
ed in this State very generally, and to good purpose. There is 
reason to believe, that the others, properly understood and exe- 
cuted, would be attended with not less beneficial consequences. 

The Appendix contains certain particulars, of interest in a sta- 
tistical regard, and in illustration of points which had to be 
mentioned with less detail in the body of the Report. 



CONTENTS. 



CHAPTER I. 



HISTORICAL RSSEARCHfiS mTO THE MANUFACTX7RE OV UtOlT. 

Ssc. 1. Jneiint TetHmonUi. paox. 

lovention of Tubal-Cain, 17 

Use among the Midianites, «6. 

Architectural and demotic application among the Jewf , . . 19 

Tempering of iron, 20 

Error in the English translation of Jeremiah, . • . 21 

Peculiar terms employed by the Prophet Daniel,- ... 22 

Traditions of the Egyptians, touching this manafiictore, . . ib. 

Vase of Alyattes the Lydian 28 

Scythian tradition, ib. 

Identity of Vulcan and Tubal-Cain, 24 

Greek traditions. 

The Dactyli, ib. 

Legend of Ithonus, 25 

" of the Cyclops, ib. 

" of the Lemnian Ynlcan, and of Prometheus, 26 

Testimony of Homer, 27 

Origin of the term adamantine, t6. 

Lycurgus 28 

Orphic testimonies, ib. 

Testimony of Pindar and Sophocles .28 

Mystic uses of iron, ib. 

Methods of working described by Aristotle, .80 

Probable application of pit-coal in Chalybia, ... 82 
Celtiberian methods— co-incident with those in Japan and 

parts of Great Britain, 88 

Manufacture in Great Britain, 84 
Legend of Odin, . .86 



XTl 



coKTBirrd. 



Roman tnditions. 

Methods and applications described by PUnj, 
Serican iron— periiaps the modern wootz, 
Magnetic properties, according to Pliny* 
Legend of Dtnochares and Arsinoe, . 

Bronzing of iron, 

Chain-bridge of Alexander, 
Brahminical legend of ApoUonius of Tyanea, 

Etruscan remains, 

Remarks on the Celtiberian and Chalybian methods, 
Beckmann's explanation, .... 

Holland's explanation, 

Farther interpretation, 
Invention of bellows 



87 
41 
42 



4S 

ib. 
44 
ib. 
45 
46 
ib. 



47 

48 



Sec. 2. Modem Hiitory of the Manufadure. 

Manufacture in Stjria, and Great Britain, .... 49 

Epoch of modem foundries, . . ... . • .50 

Agricola, 51 

Description of furnaces, 52 

Cannon cast in England, 54 

Sturtevant's and Ravenson's patent, for the use of pit-coal, . ib. 

Progress of the manufacture in Sweden, .... 55 

Middle furnaces, ib. 

Successful application of pit-coal, by Dudley, ... 56 

Introduction of wooden bellows, ib. 

TVtMRpes or water-blasts, ib. 

Improvements in Sweden, 57 

High-furnaces, ib. 

Use of peat by the Dutch, ib. 

Ray's account of the methods in Sussex 58 

Works of Neviamskoi in Siberia, ib. 

Epoch of furnaces in Maryland, Virginia, and Pennsylvania, 50 

Extension of the use of pit-coal in England, . . . ib. 

Coalbrook-dale works, ib. 

Production of Great Britain in 1740, ib. 

Invention of &n bellows, ib. 

Smeaton's cast-iron bellows at Canon, 60 

Invention of the puddling furnace, ib. 

Iron rolls, 61 

Production of Great Britain at various epochs, » . . ib. 

Forge cinder, ib. 

Invention of the hot-blast, 62 

Product in the United States, 68 

Present number of furnaces in Great Britain, ... 64 

Statistics of the iron trade in Great Britain for several years, . 65 
Statistics of the manufacture in France, .... 
Statistics of products in Europe and America, .... 



C0RTX1IT8. XVil 

SscS. BiHorektM mto iki Mamtfaehtn in Maqfland, 

Date of its intnxkictioii, 70 

British policy, 71 

Act of 23 Geo. II ib. 

List of SDcieot furnaces in MarylaDd 74 

Cannon cast during the Revohition, 8S 

Existing furnaces in Maryland, 84 

Af ethod of regulating the blast at the Curtis creek furnace, 87 

Method of making charcoal at the Patapsoo furnace, • 89 

Usual density of blast in Maiyland, . . • . ifr. 

Manufacture of iron with coal, 91 



CHAPTER II. 

XETALLURGIC AlfD 6C06RAPHIC DISnUBUTIOll 09 THS ORS8 

OF IRON. 

1. NfUweiran, 95 

8. Meteoric iron, 96 

Use by the Esquimaux, 97 

Thunderbolt of Jehanguire, 96 

Peculiarity of this substance, . . . « . td. 

8. Magnetie iron ore, ib. 

Modes of occurrence, ib. 

Cause of the good quality of the Swedish izon, . .99 

Frequent occurrence in Blaiyland, . • . • . <ft. 

Constitution, 100 

4. Sjpeadar iron orif ....•...{&. 

Occurrence and position, ib. 

Red hematite 101 

Compact red iron ore, ib* 

Redoehre> ib. 

Constitution, • - 108 

6. librom brown hamatlU, ib. 

Occurrence and position, . ib. 

Compact brown hmnatite, ib. 

Oolitic iron ore, ib. 

(Etites, . • . ib, 

Onnular hydrates, ib. 

Bog iron ore, ib. 

Brown ochre, ib, 

Oecnrrence in Maiyland, 106 

Constitution, 104 

0. CMofMis of trDiH ib. 

y arietiMi, ifMrry sod Ittksitf, ib. 

Noiican iion* ib. 

c 



x«(i 



(XMmHfTt. 



OecuReneet . « . . 
When fint used in Great 

JroD districU, 

Wehh basin, 

Staffordshire basin* .... 
Glasgow basio, .... 

Iron district in Maryland, . « . . 
Analysis of ores from Allegany oounty* 

7. SUitaUd tronnre^ ..«..,. 

Varieties and modes of ocoaKcenee, • * 

Chamoisite, ...-.•. 
Constitution, 

8. Titaniaied iron ore, 

Occurrence and use in Maiyland, . 

Otber»localities, 

Occurrence of Titanium in furnaces. 

Constitution, 

Ottier combinations of iron not appiicaUe lo meinUu^, 

Franklinite of New Jersey, .... 
Tabular classification and view of the ores of iron, . 



106 

ib. 



ib. 

107 

ib. 



108 

ib. 

109 

110 

in 

ib. 



ib. 

ib. 

ib. 
112 

ib. 

ib. 
118 



CHAPTER IH. 



MSANS, MACHUffiRY AND MATERIALS EMPLOYED IN THE 

MANUCACTURfi OV IRON* 

8bc. 1. ,BUui Fumaeei gmeraMy—4keir Location, Ommlruclient etc. 

Pecruliarities of construction in Wales and StafibrdshiM, . .115 

Peculiarity in Derbyshire, • 117 

General principles of construction, . 118 

Angle ef boshes, ib. 

Dependenee onthe fosibiUtyofHweve, .119 

Diameter of trundle-bead, ...... ib. 

Apparatus for ehaiging, 120 

Number of charges per fxetn, . . "* . . 121 

Means for delivering tiie materials alt 'file cAiai^ng place, . t6. 

Equilibrated 'water-system, 182 

Inclined planes, . . * ib. 

Motive power of the Mast, 128 

Chancter of engines employed, ib. 

Scottish blowing apparatus, . . .' . 124 
Proportion of power employed in the production of a 

ton of crude iron, 128 

Regulatofs, ib. 

Their classification, ib. 

Water legulatoifl, 126 



CORTJlCl'Sw XJOL 

Nuipber of (nyires, and their iiifltaeiiee upon titf shape of 

the.bearth, • . * 126 

Poeition of tuy^ie-pipes, 127 

Tqy^rea of different heights^ ib. 

Size of hpzzlea, . * ib. 

Preisare of blasts » 128 

Walcr-tiiydrea, ...,;... i6. 

BeaullB of experience aa to the anterial of which thej 

are made, ib. 

Tempenttofo of the Uast, 129 

Hot-air famacea, t6. 

Aspect of the tuyeres ISO 

BaiMiDga about the fUraaee, ib. 

Top and caat-hooaes, ib. 

Tymp and tuyere arches, 181 

Quantity of cinder produced, . . ib. 

Cinder mouUe, 182 

, Pig-beda, . . ib. 

Duration of v campaign or blast, ib. 

Repairs and replacements, ib. 

Tuy^rea and tympa , 1S8 

Charging plate and in-walls, ib. 

Stopping up, 184 

Sec. 2. Ckui of ConttrucHon a$id permanence of Shut IStmaeee and their 

aeceetoriet. 

Cheapness of furnaces in Staffordshire, 185 

Number of bricka required, . . ib. 

Cost of building materiala, ...... ib. 

Estimate of the average cost of erection, .186 

Table of wages in Wates, in 1888, from M. Dufi-Snoy, . 188 

Table of wages in Staffordshire, in 1889, .... 189 

Table of wages in Wales, in 1889, 140 

Table of the number of persons and their wages, requisite for a 

single establishment, 141 

Sec. Z. Of the MdteriaU ueed in Bhut Fumaeee, their method of extrac- 

Hon and preparation, and their coet. 
Proportionate richness of ore in Wales, Staffordshire and Scot-, 

land, . 148 

Extraction of ores, ib. 

Position of ores in Staffordshire, ib. 

Productive effect of one miner, 144 

Roasting of ores, t6. 

Clamps, ib. 

Quantity of combustible in different places, . 145 

Loss of weight, 146 

Flux employed, ib. 

Chalk in Northumberland, ib. 

Limestone deposites in Staffordshire, . . . , ib. 

Cost of working, ib. 



zz oohtbntb. 

Limeftone In Wales, .147 

Coft of extraction, ib. 

Limestone in Derbyshire, ^* 

Chemical fluxes, 148 

Comhostibles, • ib. 

Pit-coal, . : ib. 

Tables of the constitution of some European coals 

employed in metallurgic operation, . 149, 160 

Table of the constitution of diy coals in Maryland, 
employed in, or applicable to metallurgic operations, 160 

Analysis of fiit-coals, -• 161 

Dry coals, 162 

Diy coals in Maryland, 168 

Applicability of different kinds of coal to the blast furnace, 166 

Coking of certain kinds of coal, ib. 

Analysis of coke prepared on a large scale, . 167 

Generalities on the employment of coal, coked and uncoked» 168 
Comparative calorific effect of coke and charcoal, etc. ib. 
Table shewing the quantity of coke produced from 

several European coals, 169 

Radiating effect of coke and coal ib. 

Comparative Talue of light and heavy coke, 160 

Aptitude of different coals for producing coke, . . 161 

Methods of coking, ib. 

Staffordshire mode, ib. 

Cost of coking, 168 

Mode in Wales, 168 

Mode at Lonaconing, ib. 

Mode in Scotland, 164 

Statement of the average cost of coke in the several 

districts, ib. 

Employment of ovens, 166 

Cost of oven-coke at Le Creusot, , . . ib. 
General conclusions touching coke made in ovens and 

otherwise, ..*.... 166 
Atmospheric air considered as one of the important materials in 

the manufacture of iron 167 

Quantity by weight to make one ton of iron, . .168 

Table shewing the averaged quantities and prices of the mate- 
rials and labour for one ton of crude iron, in 

Great Britain 170 

Table shewing the same average in Maryland 171 

Employment of oyster-shells as a flux 178 

Employment of charcoal— its relations as to volume and 

weight ib. 

Table shewing the number of bushels and weight in 

pounds of charcoal, from one cord of wood, 178 
Diffisrent results of several experimenters in the case 

of oak wood, 174 



convKm. XXI 

' Ctniei of this difference, .174 

M. Kiraten's ezperimeDtf, 176 

Adnuitege of cbarrin^ at a low temperatore, . 176 

Table ahewin^ the chemical constitution of several 

kinds of wood applied to metallargic nses, . ib,' 
Condnsion as to the weight of the bushel of charcoal, 177 

Absorption of moisture, 178 

Ayeiage quantity of charcoal in Maryland for one ton of 
iron, compared with the consumption in other 

districts, 119 

Canses infloencing; a greater or less consumption, . 180 

Table shewing the probable consumption of charcoal with 

different ores of iron, 181 

Maaoftctore of iron in Maryland with coal, . , ib. 



CHAPTER IV. 

PaiHCIPAL CBSBHCAL PHENOMENA IN THE MANUPACTURI OP 

IRON. 

Sbc. 1. Exempiykaiion of the gineral Chemical Theory of Blaet Fitnuuu, 

Classification of materials, 188 

ClassifieatiQp of products, . 184 

Anagraph of composition and re-composition, , • 186 

Constitution of materials 186 

Table shewing the absolute elementary composition of the 
materials employed in a blast furnace using coal, . 188 

Constitution of products, 190 

TaUe shewing the absolute elementary composition of the 
prodocti given from a blast furnace using coal, 101 

Importance of analytic investigations in improving the quality 

of the metal, 102 

Proportions of foreign associations admissible in ores of iron, 

without injury, 198 

Silica, a necessary a4junct to effect fusion, . . 104 

Binary, ternary and higher compounds, .... 106 
Limit to the application of lime, ... . fio(e,ifr. 
Conclusions of M. Berthier, 106 

Sbc. 2.' Fumaee'dnder^^Ui QmeHluiion and Phenomena. 

Analysis of furnace-cinder, 197 

Phosphoric acid in cinder, 196 

Cinder without lime, 190 

Difference in the composition of coke and charcoal cinder» and 

explanation of its theory, ib. 



CONTSKTB* 

Importance and usei of cinder in tiie opetaftioBft of tiie furnace, 200 
Degree of fusibility of cinder, 201 

Order of fusibility of various silicatee, . . 202 

Consistency of cinder, ..»•... 203 

Desirable indications, tfr. 

Gttlor of cinder, 204 

Classification as to aspect, 206 

Sxc. 8. Characterittics and Conttitution of the Metal produced, under 

varioun circumaUmcei. 

Combinations met with in crude iron, 207 

Oxygen not met with, ib. 

Karsten's theory of white and grey crude iron, . . . 208 
Ordinary designations of different kinds of metal, . • .210 

Greneral classification, 211 

Physical characteristics, it. 

Distinctions of color, ib. 

Crystalline form of grey iron, .... 212 
Crystals of white iron, ..... tft. 

Granular white iron, t6. 

Difference in specific gravity, 218 

Hardness, ifr. 

Extensibility, i6. 

* Cohesive force, according to several English observers, 214 

Resistance to crushing, ib. 

Remark on Tredgold's deductions firom Rennie's 

experiments, 215 

Karsten's experiments, ib. 

Suitability of white iron for columns, etc. . . ib. 

Adhesion, .216 

Capacity for heat, ib. 

Point of fusion of crude iron, . . . note, ib. 

Contraction by heat, 217 

Other substances showing similar phenomena, noU,ib. 

Chemical characteristics, ib. 

Table shewing the elementaiy associations of crude 

iron, 218 

Remarks of M. Berthier, as to differences in coke 

and charcoal iron, 220 

Proportion of carbon in the two classes, ' . . . 221 
Table shewing the conditions of combination of carbon 

in the two classes of crude iron, . . • t^. 
M. Karsten's tbeoiy of saturation with carbon, 222 
Carbo-saturation yet indeterminate, • . ■ . 22S 
Theory of Schafhaiitl, as to classification, . ib. 

Temperature at wMch kiA is generated, . 224 
Presence of aluminium, ..... t6. 
Paradigmn of classes, ib. 



• •« 



coRTiirrs. xxiu 

CliaagMpiDdac«4 by hMt upon grey and white crude iron, 226 

Sodden eooliiig^, 226 

Blew cooliQg^, . i6. 

Plienomenon of giey inm which cannot be converted 

into white, 227 

Feenliarity, in this regard, of iron made wifh charcoal, ib, 
Frepeity of white-iron in becoming ductile at high 

temperatares, 228 

Biagnetic and electro-magnetic propertiee of the two classes, 229 
Final inferences as to the inflaences of carbon Upon 

magnetic intensity and permanence, . . ib» 
WL 8eoraeby*s sctle of iemptr, as evinced by the mag- 

netiBm of eteel, ...,*. 230 

Ansiogoiis scde of carbon, ib. 

Application of the crystalline ibnn, to determine the 

degree of temperature at which the metal was 

prodvced, ib. 

General eonchisions ar to the influence of the so-called 

imponderable agents, 281 



• 



foe« 4. (ToMout MaUriak and ProducU, accompanying thi formation of 

Crude Iron. 

ConsideratiQns as to the quantity of air supplied, . . 282 

^ Pro;portioBi of combination between the oxygen of the blast 

and the carbon of the combustibles, . 288 

Rule Ibr finding the supply of air proper for any charge of 

combustible, 234 

I tent role for charcoal or coke, respectively, . 285 

Application to an actual case, 288 

Considerations as to the' density of the air supplied, or the 

\ pressure of the blast, 288 

f Method of ascertaining the density in American furnaces, . ih. 

Method in Wales, ib. 

I Causes influencing condensation, . . 289 

Table shewing the velocity and quantity of discharge of air 

from a reservoir, subjected to various pressures, 240 

Applications of the table, 241 

Determination of quantity in any case, . . . ifr. 
Determination of pressure, and the proportions of 

tuydres, 242 

^ Mechanical effects due to density of the blast, 248 

ft Chemical effects, ib. 

Proportion of oxygen in air of different densities, . 244 
Practical deductions as to the propriety of a greater volume 

or greater density of the blast, in certain cases, 245 

Effect of the nitrogen of the atmosphere, 246 

Considerations as to the iemperatum oi the blast, . j6. 

Effects on the working of the furnace, . . . . i(. 

Theory of the saving of fuel l^y hot-air, . .247 



ZXIV COlfTBlVTS* 

t 

Thecvj of the diminutioD in the blait by hot-thr, . U8 

Practical exemplifications in both caaea, .... 840 

Statement of the economy of combustible in the me of 

hot-air in several estaUiahmentSy 260 

Limit of temperature, 251 

£iect upon the metal produeed by heated air, • 252 

Analytic differences in chemical effsct, • • 258 

Synthetic differences, 264 

Means of producing white iron . . • • ifr. 
Diflerences in physico-mechanical effect, ib. 

Table shewing the absolute and relattve cdiesiOB 

in hot-blast and cold-blast iron, respectiveiy, 266 
Table shewing the ratio of respective cohesion and 

stiffness in hot and cold blast iron, 856 

Table shewing the transverN strength of hot and 
cold-blast iron, respectively, .... 257 
Considerations upon this subject derived fitun inspec- 
tion with the microscope, ... , ib. 
Constitution of the gaseous products of the blast furnace, . 268 

Results of analysis, .268 

Functions of different portions of the stack, • 260 

Use and application of the gaseous products, . 281 

Heating the blast, ik. 

Carbonization of the Ihel and roasting the ores, 282 

Working the stean^ engine, 288 

' Quantity of heat required for furnace olgect, . • ib. 

Re-melting the metal : — 

Quality of metal melted in the way yet to be examined, 284 
AnwKmx, 286 



REPORT 



OJf THX 



MANUFACTURE OF IRON. 



CHAPTER I. 



Sic. 1. •Sncient Hiatary of the JiianMfuciure of iron* 

The traces of reference to the Manufacttare of 
IroD^ in the history of times anterior to our era^ are 
so dim^ as with some persons to have justified the 
opinion that it was almost or entirely unknown. 
Without attempting to discuss the grounds of this 
opinion^ which involves questions of literal criticism 
out of place here^ it will be sufficient for the pur- 
poses of this chapter^ to collect and exhibit such an- 
cient Testimonies as relate to the subject; leaving the 
reader to determine after perusal^ whether the terms 
which we translate Iran or Steel, are to be considered 
as really signifying these metals^ and to estimate the 
probabilities that a Material and Manufacture so im- 
3 
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portant, found too as it is now among nations, who 
are certainly not to be considered civilized in the 
modern acceptation^ would have been for so many 
ages in abeyance. 

In the oldest book that we possess, the Sacred 
Writings of the Jews, this metal and the uses of it 
are frequently mentioned : and its invention is at- 
tributed at a very early date, (about six hundred 
years after the Creation of man) to Tubal-Cain, the 
seventh in descent from Adam, (Gen. iv. 22.)^ 
The Books of Moses, the latest of which is sup- 
posed to have been written 1451 b. c. mention 
also many times elsewhere the metal iron. In the 
book of Numbers, (xxxi. 22,) is an enumeration of 
45ix metals, — Gold, silver, brass, iron, tin and lead, — 
as being a part of the spoils of the Midianites. 

In the Book of Job, (xxviii. 2,) which in all 
probability ante-dates any other writings of those 
scriptures, it is specially affirmed that iron is ex- 
tracted from an earth or Ore. 

The precaution of the Philistines in prohibiting 
any ^smith in Israel/ is noted in the first book of 
Samuel, (xiii. 20,) the date of which is probably 
1050 B. c. and it may be remarked that the same 
word is used in this passage and translated sharpen^ 

as was before by Moses applied to Tubal-Cain: 

• 

' 1 Haasenfratz makes the meaniog of Tabal-Cain : cehd qui flat de$ $cori€$ 
d$ Fir. He daten Tubal 1067, a* m. But this ia on the reading of the lxx. 
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hence it may be inferred that in the lands of the 
Philistines^ there were persons capable of working 
through all the processes of Iron-making. In less 
than eighty years afterwards, the magnificent prepa* 
rations of Dayid, for the erection of the first templci 
included ^cunning workmen to work irojiy and men* 
tions particularly the ^iron for naxh in the doors of 
the gates and for the joinings;^ which metal it is also 
said was in such abundance, that no account had 
been thought necessary to be submitted to the King^ 
of it, as of the more precious metals. 

The extent to which this metal was used, was no 
doubt much more limited than at present; as also the 
modes of its application. Dr» Lowth concludes fi*om 
a passage in another of the Jewish scriptures, the 
prophetic writings of Amos, (vi. 12,) that thq shoe-^ 
mg of horses was unknown at that time; about 
790 B. c. I confess that I do not coincide in the 
conclusion, although it is very likely, in regard to 
another passage that he quotes (Judges, v. 22,) that 
at that earlier date, (about 1300 b. c.) the shoe- 
ing of horses with iron was unknown; especially 
as within the recollection of many persons, the prac- 
tice was by no means of universal adoption in our 
own country. Indeed, Beckmann dates their in- 
troduction into England only at the period of the 
Norman conquest; wheh it is known the city of 
Northampton was given as a fief, whose tenure was 
the shoeing of the Conqueror^s horses. The same. 
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Ivriter also derives the title of the family of lord 
Ferrers, (whose coat of arms still bears six horse- 
shoes) from the circumstance of the first ivho bore 
the name being the superintendent of the Ferriers or 
Farriers; the etymology of whose trade-name is 
from the iron (in Latin ferrum) they made use of. 
To return, however, to the Jewish writers: the 
prophet Isaiah, about 700 years b. c. mentions the 
uses of this metal in several places. In particular a 
passage, (xliv. 12,) has been thought, (though I do 
not concur entirely in the inference,) to imply the 
converting process of Steel, or at least the hardening 
of Iron and quenching of it in water, as called by 
professor Tychsen. In regard to this passage, I 
shall only introduce here the remarks of the author 
just mentioned, from his annotation in Beckmann; 
because they also serve to carry us on in our chrono- 
logical review of the ancient Hebrew Writers. 'It 
may,' he says, 'be translated otherwise,' i. e. than as 
referring to steely 'but it certainly alludes to the for* 
mation of an image of metal. The words in chap, 
liv. 16, are still more general. Iron (barzel) often 
occurs, and in some passages steel may be understood 
under this name. For example, in Ezekiel, (xxvii. 
19,) ferrum fabref actum; or according to Michaelis 
and others, sabre-blades from Usal, (Sanaa in Ye- 
men. ) A pretty clear indication of steel is given in 
Jeremiah, (xv. 12.): iron from the north, which is 
described there as the hardest. To the north of 
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Judea was situate ' Chalybia^ the ancient country of 
Bteel. It appears that the Jews had no particular 
name for steely which theyperhaps comprehended 
under the term harzely or distinguished only by the 
epithet northern; especially as the later Jews haye for 
it no other name than istama; which^ however^ is 
nothing else than the Greek trifcmputj stomoma^ and 
signifies rather steeling or hardening^ 

I will only remark on the passage of Jeremiah^ that 
a slight error has crept into our English version; 
and the word which is rendered steel, is in Hebrew 
the same which elsewhere is used to signify brass. 
Luther^ Diodati^ and the Clementine Vulgate have 
all translated it brass. 

From Ezekiel (who wrote 574 b. c. and about 
14 years later than Jeremiah^) I shall quote a single 
phrase in addition to that already adduced. The 
prophet says (xxii. 20,) ^they gather — ^iron — into the 
midst of the furnace to blow the fire upon it, to melt 
it.' This comes nearer the idea of a blast-furnace for 
reducing iron than any other expression I have yet 
met with in those writings. It is probable that it 
would be such a furnace or foot-blast, as we are told 
are used by the Cingalese; about which Dr. Davy 
has given us an account, and a mention and drawing 
of which Mr. Hebert's Encyclopaedia presents under 
the article Iran. 

* There has been lome eonfiuioo u to the position of this countiy. D*An- 
Tille places it in a part of ancient Pontos ; Justin, the abbreviator of Tragus, 
states it to have been in Spain. The tubjeet wiU be taken up hereafter. 
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The latest Jewish writer to whom I shall refer is 
the prophet Daniel, who may be placed about 535 
B. c. By every other author the same word before 
mentioned (barzel) is uniformly used to signify iron : 
in his writings he uses the words perzel and perzela. 
Although the lexicographers derive these words 
from different roots, I apprehend the change from 
one labial to another (a little more aspirated) is 
not greater than could have been expected to arise 
in a removal from the low-country of Judea to a 
long residence among the mountains of Ehusistan. 
It is very possible that from these words may have 
been taken the Latin ferrum, having the same 
signification. 

The other nations of antiquity coeval with the 
writers whom I have quoted, the Ethiopians, Egyp- 
tians, Assyrians, etc have left no accessible records 
to be consulted on this subject. All that can be 
known of them is to be found in the ancient lite- 
rature of Greece and Rome, and especially the 
former. I shall pursue the same course, as with 
the Jewish writers, of giving the Testimonies of 
several authors in the order of their respective dates. 

Herodotus, about 445 b. c. and a century later 
than the prophet Daniel, in speaking of Sethos, 
(Euterpe c. 141,) an Egyptian king, that reigned 
about 745 b. c, calls him a priest of Vulcan or 
Hephaestus, who is generally considered in all my- 
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thologies the representative of the Inventive Spirit 
in the manufacture of Iron. In another place (Clio^ 
c. 25) he speaks of a curiously inlaid saucer or vase 
of iron presented by the Lydian Alyattes^ the father 
of CrcBsus the Rich^ about 600 years b. c; and 
its manufacture is attributed to one Olaucus^ of 
Chios. The same vase is mentioned and a minute 
account given of it by a later writer^ Pausanias^ 
who flourished about 170 years after our era: and 
the discovery of welding iron is likewise affirmed 
to belong to the same Olaucus.' Herodotus also 
elsewhere (Melpom. c. 62^) speaks of a sword^ 
worshipped from the remotest antiquity by the Scy- 
thians. Mr. Beloe and Mr. Gibbon^ both call it an 
iron sword or cimetar upon the authority of the 
historian; though I do not find that in that place 
he expressly affirms it to be iron* 

Diodore of Sicily^ a Greek writer^ flourishing 
about 45 B. c. has treated of this same subject — 
the antiquity of the arts among the Oriental nations* 
He affirms it (Lib. i. c. ,15) to be the Egyptian tra- 
dition^ that Isis and Osiris^ the children of Saturn and 
Rhea^ who reigned in very remote times^ perhaps 
1830 B. o., were the first patrons of Metallurgy. 

The same tradition^ however^ ascribes its actual 
invention to Hephaestus or Vulcan^ a king who 
preceded Osiris; and who^ as said before, bearing 
the same name and offices in every mythology, may 

* Paul. Phocic. c. xvL 
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well be supposed to have been identical with the 
Tubal- Cain of the Jewish scriptures.* 

In descending to periods somewhat later than 
these; and referring to the Greek writers for the 
traditions of their own country, they will be found 
to mount to a very high antiquity in the date of 
this Invention. Sophocles, nearly the co-temporary 
of Herodotus, is quoted by Strabo as affirming that 
the Dactyl], a family who lived upon Mount Ida 
in Crete, were the first discoverers of the art of 
smelting Iron. ^ The same thing is averred by Dio- 
dore of Sicily, (lib. v. c. 64,) and the probable date 
is assigned by chronologists of 1400 years b, c. 
when it occurred. 

Much confusion exists with regard to these Dac- 
tyli : — some making them to be the nurses of Jupi- 
ter, when he was hidden by his mother to keep 
him from the barbarity of his father Saturn ;— others, 
priests of Cybele, or Rhea, or the Earth, at a period 
long subsequent to the birth of Jove. Also they 
are placed sometimes upon Mount Ida, in Crete, 
as already mentioned; — sometimes in the Creto- 
Idsan district of Arcadia in the present Morea; — 
and sometimes in Phrygia. So their number even 
is variously stated. Pausanias who names them 
(lib. vii. 4,) makes but fict — others make them 
ten; and both from the number of fingers (in 6r6ek 
djMiyhH) on one or both hands. They are called 

* Calinct. ad roe. * Sthib. x. c. 8. 
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twelve by others-— and are even magnified into one 
hundred and three hundred.. Mr. Faber has how* 
ever discussed this, which has not much to do 
with the present subject, in his dissertation on the 
Mysteries of the Cabiri. 

A much later author^ Lucan, who died 65 years 
after our era, refers in his Pharsalia (L vi. 398, 
etc.) to the old tradition of Ithonus, the son of 
Deucalion, as the first worker in Iron. This is 
subsequent of course to the Deucalionic deluge, 
which may be taken at 1600 b. c; but would 
date somewhat earlier than the discovery of the 
Dactyli just now mentioned. The two stories are 
not necessarily inconsistent: the processes of Ithonus 
appear to have been more systematic, and to have 
sprung from traditions of the ^tediluvian Bene- 
£K:tors ; while the invention of the Dactyli is stated 
to have been accidentally made during an extensive 
firoi on Mount Ida, which, originating from lightning, 
was so lasting and intense, as to have melted the 
iron ores in the soil beneath it — a tradition the 
same as that which accounts for the name of the 
Pyrenees ^ from a similar fire, which smelted the yet 
untouched ores of silver in that Mountain-chain. 

Ten years after Lucan, the Elder Pliny (Hist. 
Nat. vii. 56) refers the discovery, upon the autha> 
rity of Hesiod, one of the oldest Greek writers, to 
the Idaean Dactyli; but the diverse processes and 

• Diod. Sic. I. V. 85. 
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arts of manufactuFe^ he in the same place attributes 
to the Gydops^ the workmen of Valcan, 

A mythic tradition^ of older date than the autho* 
rities cited^ refers the discovery to the god Vulcan ; 
and another to the Egyptian or Scythian Prome- 
theus : but these are not entitled to the respectabi- 
lity of historic accounts* Only, it may be remarked 
that the £able of the Lemnian Vulcan, being thrown 
from heaven by Jupiter, may hare had foundation 
in the actual &U of Meteoric Iron — ^whose consti- 
tution rendears it more malleable than any merely 
cast-iron would be, and whose use we find actual, at 
the present day, among the Esquimaux, a people not 
more civilized than were the Greeks in the time of 
Ithonus. With regard to the agency of Prometheus, 
who is said to hvfe brought fire and its uses from 
Heaven, and bound to a rock, expiates through sm 
almost infinite period the rashness of his success, its 
connexion with iron-making is obscure : it is much 
more likely that the origin of the fable should h^ve 
been a corruption of some patriarchal tradition of 
the real mysteries of the Christian Redemption. 

However originating and by whomsoever first 
worked, the mention of the metal. Iron, as in actual 
use and affording images of comparison and epithets, 
occurs in the earliest Greek writers. Homer, the 
oldest of them, who is placed by the Arundel Mar- 
bles at 907 B. c, introduces Achilles, in the funeral 
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games o( Patroclas^ ^ as offeriDg a prize of a large 
mass of iron — so large indeed that the Hero says 
^no husbandman need, with that^ want Iron in any of 
his rural pursuits for fife years, either for ploughs or 
for weapons.' The expression^ mt^X^'^ which the 
scholiast of Eustathius explains to mean ^melted anbfy^ 
i. e. without refining or hammering, I once thought 
inferred a meteoric origin for the mass. In another 
passage, ' the plunging of Ulysses' firebrand into the 
eye of Polyphemus is said to have been, like a piece 
of Iron dipped by the smith into water^ in order to 
gwe it its strength. 

Besides these passages, which are the most direct 
warrant for the existence of Iron in Homer's time^ 
(and indeed for three centuries before, when we con- 
sider his remarkable freedom from anachronisms,) 
the word Iron is often employed (as for instance 
Odyssey xxiii. 172) to express moral qualities, ana- 
logous to the well known physical properties of the 
metal. 

Hesiod^ who flourished about the same time with 
Horner^ also uses the epithet in the same manner as 
in the line of the Odyssey referred to. He also 
speaks of Iron in one place ^ directly, though not by 
the usual words— <:alling the Helmet of Hercules 
adamantine: which epithet, subsequently applied to 
BAean precious stones^ was at first used only to mean 
Iron or Steel. Mr. Holland^ in his treatise on the 

f Diad zxiii. 826, «te. * Odyis. ix. IBl. • Scat Here. x. 187. 
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Manufacture of Metals (Cab. CyclopdBd. xxiv. p. 
10,) seems to have overlooked this; when he asserts 
that Hesiod has no where used it except figuratively. 

Nearly cotemporary with Homer and Hesiod was 
LycurguS; the lawgiver of Sparta^ whose iron money^ 
as mentioned by Plutarch (in vit. c. ix.) I see no 
reason for supposing to be any other metal than what 
it is there called. The Biographer further mentions 
the resort to vinegar (which was prescribed for poli- 
tical purposes) to destroy the stamoma (which here 
signifies ductility^ or in general Elasticity) of the 
metal; and thus render it inapplicable to any other 
purpose than a mere symbol of credit. This quite 
superfluous refinement may serve to convey an idea 
of the then state of the art : to which^ the individual 
who first afterwards restored the stomoma that had 
been destroyed, stands in the same relation as the 
discoverers and patentees of the method of using 
Forge cinders in the high furnace, do to the Metal- 
lurgy of 1820-30. 

Not quite three centuries later than Lycurgus, 
come the poems attributed to Orpheus — which, if 
really belonging to him, would antedate Homer by 
nearly four centuries. I have preferred to entertain 
the doubts of Aristotle, and to assume the latest 
period which has been assigned to the supposed 
author. In the poems called Lithica ^ he mentions 
expressly the ore Siderite, or Oreite; which he 

^ Lith. jd. 17. Tauchn. 865. 1. Getner. 
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accompanies with such epithets as of all the metals 
could beloDg only to iron." 

In another of the Hymns (Ixv.) to Mars^ he 
applies to the god the epithet adamantiney which 
Hesiod had already used to mean Iron. 

Nor was this acceptation of the term lost^ when, 
more than a century after, Pindar (who may be sup- 
posed to have written about 475 b. c.) used it^ as 
applied to a plough. I do not remember to have 
met with the proper word for Iron, in his poems. 

The narrative of Herodotus, about 30 years later, 
as to the Vase of Alyattes, has been ahready referred 
to. So also (Polymn. c. 69,) he speaks of Iron 
heads, to lances and arrows: which were in the 
Homeric times more frequently, I believe, brass or 
copper, as Lucretius has already expressed it : 

Et prior ent tari$ quam feiri cognitoi usuf . 

And Bnn was known and naed before wae introduced Iron. 

Sophocles, who died about 406 b. o., uses" the 
same comparison which we have just seen in the 
Odyssey — the hardening of Iron in water. From 
another place ^^ we may infer, that the then state of 
the arts had warranted a special name to be given to 
heated or red-hot masses of Iron : although the term 
there used may have been a mystic, not a metallurgic 
one — it being introduced in speaking of the. same 
trial or purgation, by carrying masses of red-hot iron^ 

ii See also Hymn, xzzviii. to the Curetei. i> Ajaz Flagell. 1. 660. 

» Pyth. Od. iv. 1. 896. m Antigon. 1. 270. 
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TOCcess in vfhick was thought^ in those early times^ 
as fifteen centuries later^ to belong only to Innocence. 
Finally, in the same tragedy to which I first referred 
L 836^ the poet uses the phrase 'iron-devouring 
whetstone/ in making Ajax speak of his sword — the 
sword of Hector— which had just been sharpened 
for his meditated suicide. 

Aristotle, whose death may be placed about 322 
u. €., introduces the mention of this metal in several 
places, among which I shall cite particularly only 
two or three. 

In bis book entitled Meteorologica, he enters^' 
into an explanation of the causes of solubility and 
insolubility in general ; and particularly applies it to 
iron, which he characterizes as most difficult to be 
affected by heat, and not at all (in this sense) by 
moisture. The whole passage, though not exactly 
in accordance widi chemistry more modem, yet 
serves to shew that he had opportunity of making 
experiments upon the identical substance, Iron. 

In the preceding chapter of the same book, he 
enta*s into more detail concerning the manufacture : 
and says, that 'in the working of Iron, it melts upon 
the application of heat, and again becomes hard : in 
this way they make {^^U^utra) pure iron' — a word 
which I give in the original, because I shall have 
occasion again to refer to the term. 

Tor the scoria or impurities by these means are 

» Metcoiol. 1. iT. c. 7. 



31 

4 

deposited ; and by frequent mekingB and remeltings 
the material becomes pure^ and its Cdfi^fMt is prodnced. 
These saccessiye meltings^ however^ are not made 
too often^ for they are always accompanied by a loss 
of weight on the parer article. Bat that iron' he 
adds 4s the best^ which requires the least refining.^ 

In the next sentence, and apparently as if its 
connexion with iron suggested it at that moment, 
he speaks of a stone, called in his language, pyri^ 
maehus: whose nature is more fully explained in 
the next passage I shall quote. 

This is from his book (de MirabiL aoscultat.) of 
Remarkable Accounts,*^ and I shall translate it in fulL 

^There is said to be a method of manufacture 
peculiar to the Chalybian and Mysian (or Amisenic) 
Iron. The ore is obtained among the sands of the 
rivers and their tributaries : ^^ which some say they 
merely wash and put in the furnace ; while others 
report, that they put along with it also the earthy 
and other particles, which hare been by repeated 
washings separated from the mine, and reduce all 
together — ^throwing in at the same time the stone 
pyrimaehus^ as it is called, of which in that region 
there is great abundance.' 

This passage requires no further remark at present, 

" Opp. torn. i. p. 1158. E. Ed. Paris, 1619. 

^ I give here the original that erery one may tnnslate it for hioMlf : 
Taun)v fc oS fMv imhOc ^ri irX0v«vr«( 3ia|MV«Sfw •{ S$ r^ 
uro^tfriv n)v ^ivoffc^v ix rijf e'Xutffu; ^tlKKaxtg €Kvhwta» ^yypuMvr 
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than that it helps to clear up the obscuritj') which^ I 
Before observed in a note, hung about the country of 
ihe Chalybes. The claim of this people, who with 
some authors carry their antiquity back to the time 
of Abraham, to be considered the discoverers of the 
taiethod of working Iron, rests upon such foundation, 
that it was not thought worth while to advert even 
to it. But that they very early, and at least before 
the time of Aristotle, did manufacture it, there is no 
doubt* Some modem writers, among whom may be 
mentioned Hassenfratz and perhaps Landrin, have 
placed them, upon the authority of Justin " mainly, 
and Pliny, in Spain, upon the river Cobe. D'Anville, 
upon the authority of Strabo, *^ locates them in ancient 
Pontus, or part of modem Armenia, 4n the deep 
vallies and precipitous mountains, still called Keldir.^ 
The corrected reading of the passage of Aristotle 
just now given (viz. Amisenic for Mysic) confirms 
this view — ^the Amisenic bay in the Euxine Sea 
forming in fact the northern boundary of this Chaly- 
bia, and furnishing its out-port. But what I appre- 
hend would establish it beyond a doubt, is the 
mention, not before noticed, so far as I am aware, of 
the stone Pyrimachus (q. d. jirt supporter.) This, 
I take to mean nothing else than Bituminous Coal: 
and the occurrence or non-occurrence of this article, 
in the respective countries, to be a geognostic proof, 
either favorable or adverse. It would have required 

u Juft. zli7. 8. » Lib. zii. e. 8. 
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researches^ not otherwise jnstified in this Report^ 
(even if the present state of our geological records 
would have at all furnished the information^) to have 
ascertained the presence of bituminous coal in Ar* 
menia; the existence^ however^ of bituminous springs 
and lake-like deposites^ as also of salt^ well ascer- 
tained, would indicate a proximity, at least, to coal- 

■ 

measures in that region ; while, as far as the exact 
position claimed for the Chalybes, in Spain, can be 
made out, there is no likelihood of coal having ever 
occurred. This subject, however, I leave now for 
others to examine. 

Passing over three centuries from Aristotle, we 
find in Diodore of Sicily, ^ a mention of a peculiar 
method of manufacture among the Celtiberians, in 
Arragon; which was % bury rods of Iron in the 
ground, and leave them until in time the rust should 
eat out all the weaker particles of the metal, and 
leave only the strongest and purest. Out of this so 
prepared, they manufacture their excellent swords 
and other arms: these swords in particular are so 
keen, that there is no helmet or shield, which cannot 
be cut through by them.' 

I leave here the strict chronological order to 
remark, that Plutarch, who died about a. d. 140^ 
gives the same account of the same people's manu- 
facture. This is, in fact, a method still pursued in 
Japan ; and is given by Swedenborg as one way to 

*o Lib. ▼. c. 88. 
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prepare steeh " I insert in a note ^ the remarks of 
Mr. Holland on this subject. 

The last Greek author, whom I shall cite, is 
Strabo; who^ dying about a. d. 25^ may be con- 
sidered as bringing the testimonies down to our era. 
He speaks "^ of the great quantities of ore^ which 
had been extracted from Chalcis and £ub(Ba^ — the 
property of the Athenians. This had been carried 
on to such extent^ and so long^ that the mines were 
beginning to be exhausted. 

The same author speaks^ of the iron^ furnished 
by Great Britain to the Romans. The introduction 
of the art in that island is attributed^ and perhaps 

81 See Beckmann : iv. 242. 

tt 'Whatever may be thought of the idea of converting ^ron into Steel, by 
interring it for any given period, a belief that the metal acquires tenacity by 
such a course, obtains among the workers in these metals generally; and 
more especially was this the case formerly. Certain of the old Sheffield 
cutlers, who had credit for making first rate articles in their day, were in the 
habit of placing bundles of steel in the mud of some water course for a few 
weeks; by which means, the metal was alleged to be much improved in 
quality. And it is common for Scissor-smiths, when they get steel that has a 
-tendency to break on the punching of the hole for the formation of the bow» 
to place it in a damp cellar for a few weeks ; by which treatment, having 
rusted considerably, it generally becomes fit for use. 

But however Steel may improve in quality, it loses much of its weight by 
oxidation ; hence in the vast quantities that are exported to America from 
this country, it is not only customaiy to wrap the bundles in rope-paper, and 
place them in boxes, but actually to oil every bar ; in order, not merely to 
preserve its smooth appearance, but more particularly, to prevent that loss of 
weight, which would take place if the material were allowed to rust during 
its transit.* HoUand : Manufactures in Metal, vol. i. pp. 18, 14. 
» Lib. X. e. 1. s« Lib. iv. c. 6. 
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with reason^ " to Odin : the claim to priority over 
all others^ asserted for the same hero by the Gothic 
traditions^ is not^ however^ entitled to the same 
consideration; — that claim not finding written as- 
sertion until 1^000 years after the period of which 
we are now treating^ when the Saemundian Edda 
was composed. 

An account of the isle of Elba ^ is the last refe- 
rence to this author^ that need now be made. The 
period at which the Elba ores were first opened^ 
must be very remote — M. Karsten supposes it to 
have been about 700 b. c. : and in Strabo's time 
they had already ceased to smelt the iron on the 
island^ but carried it^ as they do now^ to the main- 
land. The Greeks called it JEthalia^ from the blazes 
of the iron-works : and under that name^ Aristotle^ 
in the treatise of Remarkable Accounts already 
cited^ speaks of it; though he does not refer (as 
indeed it would have been unsuitable for him to 
have done^ in that connexion^) to the Manufacture 
of Iron. 

Having now brought down the testimonies of the 
Greek writers^ the mention of the isle of Elba carries 
us easily to an inquiry of the Roman authors^ who 
have treated of the subject. As however, even the 
oldest of these are modern, compared with those 

** It is to be wished, that the Society of Northern Antiquaries, of Copenlia- 
gen, who hare already published some interesting researches, would take up 
the legends of Odin, and illustrate and explain them. 

** Strab. Lib. v. e. 2. 
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among whom we have been just now conversant^ 
and as all the Latin legends and mythology^ in this 
regard, have been taken from the Greek, it wiU be 
sufficient if we cite only those authors cotemporary, 
or nearly so, with our era. 

There is only one, Pliny the Elder, ( whose death 
is placed a. d. 79,) who has treated expressly on 
this matter. Merely mentioning then, that Livy*^ 
has recorded the fines, imposed by Cato the Censor, 
on the Celtiberian iron-works, after the Spanish 
war, (194 b. c.) and** the edict of Paulus iBmihus 
after the Macedonian war, (about 14 years later,) 
forbidding in Macedonia Proper, Thrace, etc., the 
working of any metals, except iron, — I shall give 
here entire the interesting chapter of Pliny the 
Elder, which contains the substance of what was 
known upon the origin of the Iron Manufacture, 
and also a view of its existing state in his time, a 
half century after the Christian era." He says,*" after 

•» Hiit. xxxiv. 21. »• Hist. xlv. 29. 

M Not to interrupt the continuity of the text, I refer in a note to the testi- 
mony of Julius Cesar, the invader of Great Britain ; which is prior, by a 
century, to the writings of Pliny. He wpt, ^Dtuntur-^annulis ferreU ad 
certum pondus examinatis, pro nummo.' De Bell. Gall. y. 12. *They — ^the 
Britons — use iron rings (or plates,) guaged to certain weights, as money.' 

Mr. Scrivenor, io his Histoiy of the Iron Trade, now in process of publica* 
tion, refers to several of the old British Chroniclers, as well as to the iron 
antiques, which have been discovered in the Forest of Dean, and elsewhere 
in England and Wales, as proof of the early introduction of this manufacture 
into the island : the enlargement of which, he dates about the period of the 
visit of Adrian, a. d. 120, and supposei the principal ^stablisbment to have 
Wen at or near Bath. 

*<» Hist. Nat. Lib. xxxiv. 89. 
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having given a long account of the origin of the 
manufacture in brass: — 

^We shall next give some details in regard to the 
metal^ Iron; which has furnished the best and the 
worst instruments in the hands of man. With this 
we plough^ we dress our fields^ we set our orchards^ 
and every year renew the youth of our decaying 
vines- With it we build our bouses^ we excavate 
rocks; indeed to almost every use, Iron is applied. 
But with the same also we carry on war, commit 
murders, perpetrate bloody robberies ; and that not 
always hand to hand, but converting the metal into 
a missile, whether from machines, or by the arm, or 
(as arrows) even feathered; which last I look on as 
the most atrocious perversion of human ingenuity, — 
as if Death did not always come quickly enough, 
but we must also lend it wings. But the fault of 
this use does not necessarily belong to nature ; and 
several times efforts have been made, to restrict its 
employment to those cases wherein it is innocent. 
Thus in the treaty, which Porsenna gave to the 
Romans after the expulsion of their Kings, we find 
it expressly provided, that nothing Iron shall be 
used except in agriculture. Also, some of our 
oldest writers have warned us of the danger that 
attends using an iron Style, for writing. And the 
edict of Pompey the Great, passed in his third 
consulship, (after the Clodian Riot,) is still extant, 
forbidding any weapon to be worn in the City. 



38 

^Iron has certainly sometimes been applied^ how- 
ever^ to practical purposes, more honourable and 
less repulsive than in the shape of arms. Thus the 
artist Aristonidas, — ^when he wished to express the 
fury of Athamas subsiding, after the death of his 
son Learchus, into sorrow, — used a mixture for the 
statue of Iron and brass; that in the very material 
(the redness of the iron being seen, as it were, 
through the polish of the brass) might be expressed 
the blush of his mortification and repentance. This 
statue exists at Thebes at this day. In the same 
city is to be seen a Hercules, in iron, by Alcon ; — 
the patience and labours of the god being indicated 
in the nature of the metal. We have also in Rome 
bowls of iron, in the temple of Mars the Destroyer ; 
the nature of which deity seems to be expressed in 
this circumstance, inflicting the punishment of rust 
even on the Iron itself, and by a malignant provi- 
dence, doing nothing in human afiairs except for 
harm and destruction. 

^Iron ores" are found almost every where, and 

'1 In the original metaUa, Anciently there were no other ores dag, but those 
which answer to what we now call metaUiferoui, From the circumstance of 
their being dug up in pieces, one piece after the other, {alia nut' alia in 
Greek,) came the name meial: which has, in modem Chemistiy, been re- 
stricted to a particular division of minerals. It may be remarked, that it was 
only in times much later than Pliny, that the word metalhm came to be used» 
in the sense in which we now employ its English equivalent, or to mean any 
thing but what vku dug out piece by piece, i. e. an ore. 

That use may have been, however, all the time, made by the Eastern nations ; 
if the conjecture of Mr. Parkhurst is correct, as to the meaning of the Hebrew 
and Arabic word, {metel,) which he interprets to signify, to firge or hammer 
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are very plentiful in the island of Elba ; they can 
be easily traced by the tinge which they give to the ^ 
soil: and the processes for refining the metal are 
nearly every where the same. In Cappadocia only^ 
it is a question whether the Iron comes from the 
water or from the ore, since it has to be washed in a 
particular stream, in order that when put in the 
furnace it may produce Metallic iron. 

^The differences of different kinds of metallic iron 
are quite numerous; seeming principally to arise 
from the nature and exposure of the ores. Some 
are very soft, and more nearly answering the pur- 
poses of lead ; others brittle, like brass, and espe- 
cially to be avoided for wheel-tires, or nails, for 
which the first kind answers best. Another kind 
does only for small things — such as ordinary nails, 
and especially shoe- tacks: while another would rust 
too soon for this. All of this last kind bear the 
name of strictum; a word not applied to other 
metals, ^ and derived from its peculiar property of 
taking an edge (a stringenda acie). There is also 
a difference in the furnaces made use of; in some 
the ore is treated so as to furnish the Iron in bars — 

out. The word meUl in Job, zl. 18, is taken to mean a fbrgid bar ;^m 
our translation, a bar of Iron. 

*t Brotier, in his note on thb passage, says : Hoc omne ferrtvm metaUum — 
la mine di Fir — strietune vocabatur ; — a stringendi acie— ^a trempe* 

The text here speaks of Fermm— the metal ; not firrtum msiaUum, the or€ or 
fliins. Virgil to be sure uses it in this last sense : 

Stricture Chalybum— iEneid. viii. 421. 
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in others they cast only anvils^ the heads of ham- 
mers, etc. ^ 

^There is much difference too in the water, in 
which when hot it is plunged and tempered.** 
Advantages in this particular have, at different times^ 
given reputation to different places for excellence in 
iron — as" Bilbilis and Turiasso in Spain, and Comum 
in Italy : although in none of these places is there 

M I give here the original, that each reader may put his own interpreta- 
tion upon the passage. 

£t Fornacum maxima diSerentia est : nucleusq. ()uidem feni exeoquitnr In 
his ad indurandam aciem : aliquss modd ad densandas incudes, malieorumve 
rostra. PJin. Hist. Nat. Tom. vi. p. 103, Edit Barbou. Paris, 1779. 

^ Qoweyer this may be in feet, it is an opinion still prevalent among skilAil 
and practical workmen. In a large shop in Sheffield, fiunous for the excel- 
lence of its saw blades, I once noticed a peculiar appearance in the water of 
the tempering vat : and the reply to my inquiry, as to what was mixed with 
the water to cause the appearance, was, that It wae their secret. Frequently, 
there is more or less grease mixed with the water, except for flUs. I do not 
remember to have ever seen any thing but pure, though stale water, used for 
them. 

'•'Approaching the Ebro,* says D*Anville, 'Bilbilis, tiie native city of tht 
poet Martial, near a river named Salo, (now Xalon,) is only known by the 
name of Baubola, in the neighbourhood of a new city built by the Moors, 
called Calata^: Turiasso still exists in Tarragona.' 

Martial concurs in the testimony of the text, when he says, (£p. lib. i. 60) t 

Videbis altam, Liciniane, Bilbilim 

Equis et armis nobilem. 

# # # • # 

Tepidi natabis lene Congedi vadum, 

Mollesq. nympharum lacus; 
Quibus remissum corpus adstringas brevi 

Salone, qai Jtrrvm gelat, 

Comum is the modem Como ; the birth-place of Pliny the Younger. The 
lake, near which it stands, has lost its ancient name of Larius, and is now the 
Lagodi Qmo, 
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any ore. But of all others the best is the Serican ^ 
iron^ which is imported with their silks and skins; 
and next to it^ the Parthian. These are the only 
two kinds^ to which a tempered edge can be^ with- 
out any subsequent process^ given : all other sorts are 
too soft in their mechanical arrangement and texture. 
In our continent, sometimes the ore makes the excel- 
lence, as in the Norican " iron : and sometimes the 
manufacture, like the Sulmonian. As in stones for 
the sharpening, the oil-stones, and those hones which 
are used with water, differ from one another — ^the 
oil-stones giving a finer edge, (and what is remarka- 
ble, in the first product from the ore, the iron, which 
seems to be first made softer by throwing water on 
it, becomes afterwards brittle and spongy,) — the 
tempering of the small blades is done with oil, lest 
water might harden them into too much brittleness. 
The blood of man seems to be revenged, as it were, 

30 The uncertainty, in which the Geographers have found and left the 
petition of Serica, does not allow more to be said here, than that it lay 
somewhere between China and Hindostan— perhaps near the modem Thibet. 
D'AnviUe has thought it of consequence enough to write a special memoir; 
which may be found in the Memoirs of the Academy, Tom. xxxii. 

This Serican iron may have been somewhat the same as the modem WooiM, 
which comes from a neighbouring, or perhaps the same, region. 

37 The ancient Noricum covers the ground of Austria, Styria, and Carinthia. 
other authors testify to the reputation of the Iron brought thence : so Ovid, 
Met. xiv. 712. 

Durior et ferro quod Noriau exeoquit ignis. 

The natural resources still remain in their ancient excellence ; but either in 
comparison, or actually, they are not availed of as formerly. 
Sulmo, the birth-place of Ovid, still exists in Mmona. 

& 
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on iron ; for touched by a drop^ it quickly contracts 
rust.^ 

He speaks then, by the way, of the Magnetic 
properties of Iron — the only metal which can ^ac- 
quire such properties; and mentions the project of 
Dinochares, who proposed, and actually commenced 
building, a temple, in which an iron statue of Arsi- 
noe, the sister of Ptolemy,^ was to be suspended in 
air, by the equilibrium of several magnets acting 
against gravity. Its completion was broken off by 
the deaths both of architect and patron. 

He thus ^* continues : 

^Of all metalliferous ores, those of Iron are by far 
the most abundant. In a district of Maritime^ Can- 
tabria, washed by the ocean, there stands a mountain, 
steep and lofty, entirely of this material ; as we have 
already before said. 

^Iron, by heating (unless it is hardened by ham- 
mering) becomes soft. When merely red it is not 
proper for being hammered; it should be taken at 

38 This was Ptolemy II., also called Philadelpbus ; the founder of the 
Alexandrian Libraiy : and the patron of the Septuagint Translation of the 
Scriptores. He died about 246 b. c. 

The Dinochares here mentioned has been often, (but improperly, and lately 
by the American editors of Lempritee,) confounded with Dinocrates, who 
re-built the temple of the Ephesian Diana. 

SB Cap. zliii. 

40 This district is the same with the modem Biscay : and the mine here 
spolcen of is that of the present Sommorostro ; where the strata are really in 
thickness from 8 to 10 feet, and yield under present management 40,000 tons 
of iron yeariy, according to Mr. Worcester, who however must be in error. 
Beudant calls the ore, specular oxide, or ftr oligigii. 
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a white heat. Rubbed with vinegar or alutn^ it be* 
comes like brass/^ It may be kept from rusting by 
(cerussa) chalky or gypsum^ or melted pitch. This 
is the mixture called by the Qreeks antipathia: 
though some say that the effect may be produced 
by some mystic influence or withcraft; and that 
there is still a chain over the Euphrates^ near 
Zeugma^ ^ used by Alexander the Great about his 
bridge^ all the new links, subsequently put into 
which, are eaten by rust, while the old ones are 
entirely sound and clean.' 

There follows then some remarks, as to the medi- 
cal uses and properties of Iron ; which do not illus- 
trate our present purpose farther than to shew, that 
the metal was known, and of varied application. 
They are therefore omitted. 

Besides this long passage, expressly devoted to 
the subject, it is also mentioned in various places by 
the same author : thus in lib. xxviii. 9, he speaks of 
iron or steel instruments, for either lithotomy or 
lithotrity, it is not explained which ; and in chap. 
23 of the same book, he speaks of razors (literally 

41 1 rather think this has allusion to methods or bronzing. The author has 
not given the whole of the recipe. 

4a This town was formerly the principal passage of the Euphrates, and 
hence its name, which means literally the Bridge. D'Anville says there is 
still, on the other side, a little place called ZegmX. 

The chain mentioned here, with all its links, has long since yielded to an 
infloence, before which even that of witchcraft, hinted at by Pliny, must bow. 
Brotier's note on this passage asks, with great naivet€;— Fuitne priscis— ars 
ita femim fiindendi aut temperandi, ut rubiginem non sentiret ? 
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the knives of the barbers) becoming dull in conse- 
quence of circumstances^ which we do not^ it is true^ 
hold to have much influence. 

Cotemporary wilh Pliny was the Philosopher, or 
Impostor, ApoUonius of Tyanasa; whose life, though 
in fact written by Philostratus, nearly 200 years after- 
wards, yet being a mere rifaccimento of materials 
collected during the life-time of the subject himself, 
is entitled to assume its chronological place here. 
His friend Damis, the real author of the life, men- 
tions'^ his having received from a certain Brahmin 
seven metallic rings, for the diflerent days of the 
week, according to the respective dedications of the 
said days and of the metals. Thus the Iron one was 
worn on Tuesday. 

Confirmatory of the accounts of Pliny, it may be 
mentioned that the explorations of Pompeii have 
furnished articles of this metal, though the condi- 
tions of their fabrication do not appear to have been 
investigated : and the Count de Caylus informs us of 
a small statue of Hercules, in cast-iron, found in the 
Museum of the Villa Borghese, evidently of Etrus- 
can origin, and probably dating three and a half or 
four centuries before the Christian era. 

Such are the statements which have come down 
to us of the ages preceding our computation of time : 
and with them, I shall close the ancient History of 
the Manufacture of Iron. 

43 Philost. iii. 41. fieckmann, T. iii. 56. 
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I will neverthelefis avail of the long interval^ of 
nearly fifteen centuries^ between the date to which 
we have now arrived^ and the publication of the first 
modem work that can be called a Treatise on Iron^ 
to make a few remarks^ which I hope will be thought 
not out of place^ upon the methods which have been 
already mentioned by Aristotle^ ^^^^Yy ^^^ Plutarch^ 
as existing among the Chalybes and Celtiberians. 

It has been the general opinion^ that these people 
made use of furnaces either without a chimney (for 
fusible ores, after the Catalan method,) or with a very 
low one, for ores rather more refractory. In the 
first case, malleable iron, or steel, might be made 
by the one process: in the second, it was attained 
by the repeated fusions, or finings, which Aristotle 
mentions. Both kinds, however, would belong to 
the class called by the Germans stuck-ofen^ and by 
the French foumeaux-OrmcLSse^ such as were used, 
in comparatively late times, in Silesia : in which the 
reduced metal, after heat applied for a longer or 
shorter time, according to the charge, would be 
found (as in the crucible-analysis of ores at pre- 
sent) in an ingot at the bottom of the furnace. 

I confess, however, that after considering the pas- 
sage of Pliny, (the original of which I have given in 
the note, p. 40,) I do not see that his language 
excludes the idea of a fiuss-ofeny in the nature of 
what we term, in modern times, a high furnace ; out 
of which the iron is run while yet fluid. 
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In regard to this passage^ M. Beckmann (t. iv. p. 
240) says : ^ Stricture was the name given to pieces 
of steel completely majiufactured^ and brought to 
that state in which they were rendered fit for com- 
merce. In speaking of other metals^ Pliny says that 
the finished products of the works were not called 
StricturaB^ (this was the case for example with cop- 
per) though sharpness could be given to instruments 
of other metals also. The words last quoted are 
read different ways^ and still remain obscure. I 
conjecture that he meant to say^ that some steel- 
works produced things which were entirely of steel, 
and that others were employed only in steeling.^ 

The author of the Treatise on the Manufactures in 
Iron and Steel in the Cabinet Cyclopaedia^ (which 
is, I believe, to be attributed to. Mr. Holland,) says of 
this passage, that ^the^'words, whatever they mean, 
are not to be construed, as if they had been written 
by a modern cutler, — the welding of an edge of steel 
to a body of iron, or the fastening it by other means 
to that or other substances.^** 

Both these writers appear to me to have sought 
for steel in places where it ileed not be found ; and 
where its use would have been equally well sup- 

44Vol. xxiv. p. 12. 
^ That however the ancients bad the art of welding, or otherwise fastening^, 
iron or steel to other metals, appears to be implied in the account already 
given of Glaucus the Chian. A passage of Diodore of Sicily (1. v. c. 84) in 
regard to the Lusitanian spears, which he calls 6X(M^id^poif , or with blades 
entirely of Iron, may bear also on this subject. 
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plied with Iron merely. I have before shewn from 
Plutarch^ on the passage concerning Lycurgus^ that 
stomoma does not always mean steeling^ but gene- 
rally elasticity, or temper , of whatever degree ; which 
temper belongs to iron as well as steel : and indeed 
Pliny himself, has in another place ^^ spoken of a 
stomoma from brass or copper; while writers are 
quoted elsewhere by Beckmann, who have used 
the term to mean our modern forge-cinder^ or in 
German, hammerschlag. 

My own interpretation of the passage is, that the 
$trictura were rods or bars of Iron, (or perhaps 
steel in some cases,) in such shapes as to be fit to 
be converted by the smith into wheel-tires (which 
would be a broad bar,) or into nails, which we call a 
nail-rod. He has been speaking only of iron fitted 
for these applications ; and lib adds, ^all these kinds, 
suitable for the purposes I have mentioned, are 
called strictune.^ Farther, these stricture were 
made in some furnaces ; while others made plates, 
larger or smaller, so as to cover anvils or the heads 
of heavy hammers— -or perhaps, as I said at first, cast 
those very articles, — since even at the present day, 
cast anvils are not at all uncommon, although not 
good for cutlers. 

I may properly terminate this discussion here, in 
Beckmann's own words: hoping that ^the reader 
will forgive me for entering into such "dry criticisms ; 

^ Lib. juudv. 25. 
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but if Pliny ^s valuable work is ever to become in- 
telligible^ occasional contributions of this kind must 
not be despised.^ 

Before leaving entirely the subject of ancient 
furnaces^ I will only remark^ that the ancients 
possessed Bellows suitable for blowing these fur- 
naces^ whether Stiick-ofen or Fluss-ofen ; though it 
is not ascertained^ who was their inventor. They 
have been attributed ^^ to Anacharsis the Scythian^ 
about 600 B. c. But this is certainly an error^ as 
they are mentioned expressly in Homer^ 300 years 
before, particularly in those passages,^ descriptive 
of the visit of Thetis to Vulcan to procure the arms 
of Achilles. They are also mentioned by the 
Hebrew prophets, Jeremiah (vi. 29,) and £zekiel 
(xxii. 20): both of whom preceded, or were at 
least cotemporaries of Anacharsis. That they were 
generally of leather only, appears from Plautus;^ 
and in a passage of VirgiPs Georgics, * from which, 
and the notes on it, it appears that they had inves- 
tigated the matter sufficiently to establish certain 
points as to the kind of leather which should.be 
used. But this subject of Bellows, I shall have 
occasion to mention again. 

47 Strab. lib. vii. c. 8. <* Fragmonta, Tom. ii. p. 469, Ed. Tauchn. 

*» n. xviii. 872, etc. •« Lib. iv. 170. 
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Seo. 2. Modem lEaiory of the MenufacharB of Iron* 

For seven hundred years after our era^ the men-* 
tion of this subject by different writers^ whose works 
have come down to us^ (such as Clement of Alexan* 
dria^ Olympiodorus^ and others) is not more explicit 
or satisfactory than the accounts^ which we have just 
come from consulting. About that period^ however^ 
may be dated the commencement of some authentic 
information; which thickens upon our way as we 
descend to times nearer our own. In exhibiting here 
their principal details^ I shall pursue the same kind 
of chronological arrangement as in the preceding 
part of this Report^ so as to present the epochs in 
their proper order. 

The mines of Styria (which is^ in part^ the 

;^* ?^* ancient Noricum of the Romans^) are spoken 

of^ as being opened again at this time. They 

used the atuck-ofen before mentioned : probably the 

same with the ancient one spoken of by Aristotle. 

A little later^ the importance of the manufacture^ 

in England^ is mentioned by Bede. 

^^^ ,^^^ The use of the same kind of Furnaces. 
960-1000. . , . , 

mentioned just now^ was general^ over 

Alsatia and Burgundy. 'It must have been later^' 

says M. Karsten^ 'ere they were introduced into 

Saxony and Bohemia.' 

7 
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, - ^^ Iron- works at Kimberworth in Yorkshire : 
lioU* 

recorded in the public archives of Great 
Britain. 

jg„ Proclamation of Henry III., touching iron- 
works in the forest of Dean; preserved in 
the Rolls office. 

1356 ^^^ ^^ ^® Edward III., prohibiting the 
exportation of manufactured iron. M. Kar- 
sten has erred, in referring this to the year previous : 
he is however correct, in calling it the first law on 
the subject; for it was only in this reign, that the 
difference was marked between a proclamation of the 
King and council, and an act, receiving the assent of 
the Lords and Commons. 
1365. Bloomeries used in Silesia. 
1488. Mines of Dannemora in Sweden opened. 
The epoch of modern Foundries; from 
the casting of stoves, then for the first time, 
in Alsace. The fluss-ofen, says Karsten, must have 
been known at that time; although Agricola, fifty 
years later, says nothing about them. Hassenfratz 
also quotes a writer in the Annals of Manufacture, ** 
as affirming, that in the latter half of the 15th cen- 
tury there were, in England, furnaces capable of 
producing sixty quintals, or nearly three tons, of 
metal in the twenty-four hours. This could only 
have been from high furnaces, even more improved 

•1 See Hawenfr. Siderotechnie : Tom. i. p. 10. 
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titan the fluss-ofen. But I have not yet found any 
confirmation for this statement. 

The publication of the work of George 
'^'^' Agricola, de Re MetaUica, or On Metals. 
Thus, the first regular treatise ever published on the 
Manufacture of Iron, was so well received, that four 
folio editions were published in less than twelve 
years from its first appearance. As I suppose that 
every Iron-master will take pride and interest in 
knowing more of this, the first historian of his art, I 
willingly insert here, from Bayle, some particulars 
concerning him. 

George Agricola was born at Glaucha, in Misnia, 
on 24 March, 1494. Bred for a physician, and 
educated in Italy, the opportunities for discoveries in 
Mineralogy and Metallurgy, found by him amid the 
mountains of Bohemia, drew him off from his pro- 
fession; which for a while he practised in Joachims- 
thai. A pension, bestowed on him by Maurice of 
Saxony, enabled him to renounce medicine alto- 
gether, and to settle at Chemnitz, (then, as now^ 
the great manufacturing mart of Saxony,) where he 
composed his great work already mentioned, and 
several slighter ones upon Mineralogy and the con- 
nate branches of Natural History, as also upon 
Weights and Measures. It was at this place, that 
on 21 November, 1555, he died; and a melancholy 
shadow rests on the last times of this old man, who 
for five days laid unburied, not finding, as Matthio- 
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lus feelingly says^ in all his country for which he had 
done so much^ earth enough to hide his sad remains. 
The fact was^ that he had mixed himself up in the 
disputes then warm^ between the advocates and ad- 
versaries of the Reformation^^ — he being a strenuous 
Romanist^ — ^and had rendered himself so unpopular^ 
that the inhabitants seized upon the opportunity of a 
poor revenge^ in denying him burial. Finally^ he 
was removed and buried in Zeits. 

Agricola describes only three kinds of Furnaces, 
as being in use in his day, and corresponding to the 
different degrees of fusibility in the ores. I have 
thought to assist the reader, by giving a drawing of 
these furnaces; in which, however, I have been 
obliged to use an arbitrary scale. 

The most fusible ores were treated in a kind 
of hearth, (Plate I. fig. 1.) similar to what is now 
employed in the Catalan method. ^Those, which 
were a little less fusible, were heated in furnaces, 
about three feet high and five feet wide, (fig. 2). 
The mine, broken up, was thrown together with 
charcoal into the mouth or tunnel head : and succes- 
sive charges replaced the materials, as they settled 
or were consumed. The combustion was kept up 
with bellows, worked by hand; and after twelve 
hours of strong heat, they run off the scoriae, and 
found at the bottom of the hearth, a mass of Iron 
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which was carried to the shingling'* hammer. If 
the mine was more difficult still to fuse^ it was 
roasted^ broken up into small pieces^ and smelted in 
furnaces more elevated^ (as well as may be judged 
from the figures^ five or six feet in height); the 
resulting product was sometimes placed immediately 
under the hammer^ but more generally refined^ by 
another melting^ before being hammered.' 

These furnaces are all of the kind denominated 
atuck'Ofen : of the other sort^ or fluaa-ofen^ Agricola 
makes no mention ; although we have certain infor- 
mation of their use^ in 1490^ in Alsace^ and also an 
account^ given under the same date^ of furnaces 
still more highly improved. 

Finally^ it may be remarked of the work of 
Agricola^ that his confinement to one city prevented 
it from being of much value^ as an historical record 
of matters^ out of Saxony and its borders ; and that^ 
although from the original remarks^ and especially 
the synthetic^ classifying mind of the writer^ it was 
certainly a remarkable book in its age and for its 
age^ yet there is not much in it which would bear 
translation for the benefit of modern iron-workers. 
Nevertheless^ it is always worthy of being referred 

•* ThiB word, shmgU, is a curious instance of the corruption of words. It 
was, no doubt, taken from the corresponding Frencl) word— angler — which 
has technically the same meaning, and generally the signification of ttriking 
or beating forcibly, and seems to be an abuse of another word, in the same 
language,— Mfiflsr,— that is well known. 
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to^ as an epoch in the History of the Manufactare 

of Iron. 

1547. Cannon first cast in England this year. 

The fluss'Ofen for the first time intro- 
1550. "^ "^ 

duced into Saxony. Hans Lobsinger^ an 

organist of Nuremberg, the probable inventor of 

wooden bellows. 

Act of 1 Eliz. c. 15; limiting the con- 

100«7. 

sumption of wood into charcoal, for making 

iron, to the county of Sussex, and part of Kent. 

I have not been able to assign any date, for the 

introduction of charcoal^ as the combustible, in this 

manufacture. 

Hans-sien, a Voigtlander, constructs 

l00«7^ lOUU. 

in the Harz, a Furnace, twenty-four 

feet high and six feet boshes. ^ About this time, 

says Mr. Hebert, blast furnaces in England were of 

sufficient size, to produce from two to three tons of 

pig-iron per day, or fifteen to twenty per week. 

He adds, however, that it was only in the most 

favourable situations that such great products could 

be obtained. 

Simon Sturtevant's patent, for the use of 
1612. r ^ 

pit-coal in making pig-iron. By his patent 
^he was bound to publish the nature and process of 
his Invention ; which he did, in a quarto book enti- 
tled Metallica.^ He failed, and was succeeded 

M Hassenlntz, T. i. p. 180. 
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by John Ravenson. in his zeal and in his 
patent. This last also failed^ and surren- 
dered his patent; at which there may be less sur- 
prise, when we are told by him^ that he expected 
to make one ton of pig-metal^ with one ton of pit- 
coal. 

In Sweden^ Gustavus Adolphus promul- 
1614. -. , 

gates an ordinance to encourage the emigra- 
tion of German furnace-men to that country. M. 
Hassenfratz has been inaccurate in referring the date 
of this act to 1604; which was seven years before 
Gustavus ascended the throne. 

Up to that period^ the Swedish furnaces had 
been from ten to twelve feet in height^ and without 
boshes;'* their place being supplied by a talus of 
sand^ put in the bottom of the Furnace. Now^ the 
German artizans^ emigrating^ brought with them 
what may be termed the fashion of middle fur- 
naces *• twenty or twenty-five feet high, with boshes, 
and openings at several heights in the tymp, for the 
convenience of getting rid of the cinder. 

Dudley, following Sturtevant and others in 

the patent, succeeds in manufacturing Iron 
with pit-coal; but the prospects exciting much 

^ I apprehend this word to be a coiruption of the French, Bouchi^ i. e. a 
mouth, and to haire originated in the era of low furnaces. 

M M« Hassenfirati calls tverj thing a High fornace, which is more than 
twelve feet. 
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tnvy, his patent was taken from him^ and even hia 
works destroyed. Long subsequent to this (in 
1665^) his son; in his book Metallum Mariis^ lays 
the burden of the break-up (for it was no fail- 
ure,) upon the arbitrary avarice of the protector 
CromwelL 

The usual epoch assigned for the discovery 

of toooden Bellows y (instead of the leather 
oneS;) by Henry, Bishop of Bamberg, in Bavaria. 
But I have before, out of Beckmann, given a more 
probable date of 1650 ; though it is not unlikely ^ 
that the Bishop might have been the first to pub* 
lish an exact description. Nevertheless, it seems 
certain that in 1621, one Pfannenschmidt, (whether 
his real name, or a soubriquet from his 
* . trade, cannot now be told,) settled in Ost* 
field, in the Harz-forest, and began manufacturing 
wooden Bellows. His art was disclosed only to his 
son ; and thirty years ago, his great-grandson had 
still the monopoly of the Forest. 

M. Landrin has been inaccurate, in his date of 
1626 ; as well as in the name of this person, whom 
he calls the improver. 

Patent of Charles L, for the new Invention 
of smelting Iron ore with sea-coal, or pit- 
coal, only. 

TrompeSy or water-blasts, first introduced 

into Italy. These machines are still used in 
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many places ; but iq their operatipn^ ^ the air being 

draum in, as it were^ by the fall of water^ takes iqto 

mechanical suspension either some particles of wateri 

or of aqueous vapor^ — carries them with-it into the 

furnace^ and thus produces the greater or lesfi ill* 

result^ which attends dampness of the Blast. 

In 1662^ they were first described by Father 

Kircher. I have been informed that there is such a 

machine in use in America^ in the State of N, York. 

The methods in Sweden, still farther im* 
1650. 

proved by an importation (due to De Oier) 

of workmen, from Liege and Namur* The furnaces 

were raised from twenty-five to thirty feet; the 

boshes, which before had been made in the cruci*. 

ble, or hearth, were now raised entirely above it; 

and a dam-stone completed the improvement. 

Chambr6 describes, as then for some time 

eiListing, the use of peat by the Dutch in the 
manufacture of Iron. 

Mr. Ray, the Naturalist, describes, in this 

' year, the methods pursued at Cuckfield in 

Sussex; which county, formerly the principal seat of 

the manufacture with charcoal, has now ceased to 

give any product, since the introduction of pit coal. 

^The hearth, or bottom, of the Furnace is made of 

M The best pbysico-mathematical researches, on the subject of these 
intmpe$t are to be found in the Works of M. Ventui^. A translation of one 
of his treatises, in which these water-blasts are spoken of, was made, I be* 
lieve, by Mr. Nicholson, and is to be found among the Collection, by ^r. 
Tredgold, of Tracts on Hydraulicf . 

8 
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sandstone^ and the sides round^ to the height of a 
yard or thereabout; — the rest is lined, up to the top, 
with brick. 

^When t^ey begin upon a new Furnace, they put 
fire for a day or two, before they begin to blow; 
they then blow gently,, and increase by degrees, 
until they come to the height, in about ten weeks 
or more. 

^Every six days they call a founday; in which 
space, they make eight tons of iron, " if you divide 
the whole sum of iron made by the founday; for 
at first, they make less on a founday, at last, more. 

^Of twenty-four loads of coals they expect eight 
tons of iron : to every load of coals which consists of 
eleven quarters they put a load of mine which con- 
tains eighteen bushels. ^ 

^A Hearth ordinarily, if made of good stone, will 

last forty foundays, i. e. forty weeks ; during which 

time the fire is never let go out.' 

^mrx^ The epoch of the works of NeviamskoL 
1701. . ^ ^ 

in the Ural mountains ; established by Count 
Demidbff-Akimsi, under the sanction of Peter the 
Great. 

His furnaces were forty-five feet high; and a 
systematic saving was efiected in fuel ; for whereas, 
they had never before made iron with less than 132 

•7 This IS considerably below Mr. Hebert's statement* givea under a. d. 
1569—1600; as also that of O'Reilly, giren under a. d. 1490, from Hassen- 
frstz. 

•• These eighteen bushels, it may be i&fened, weighed about a too. 
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lbs. charcoal to the 100 lbs. iron^ and in some places 
the consumption was 370 for 100 — ^the Neviam- 
skoi works used charcoal in quantities^ varying^ by 
weights, from 115 to 170, for the 100 of Iron. 

Epoch of Furnaces in Maryland, Virginia, 

and Pennsylvania. M. Karsten places this in 

1730; but this is inaccurate, — 1500 tons of pig-iron 

having been, in that year, imported into England 

from Maryland and Virginia. 

I shall give hereafter a tabular extract from the 
Returns of Custom, in which this subject will be 
treated in more detail. 

It is certain, that, in 1718, there was upwards of 
three tons of bars imported from one or the other of 
these States: and in 1719, an act was proposed, in 
the House of Lords, to prevent the erection of roll- 
ing or slitting mills in America. This act was not, 
however, passed till 1750. 

1721. The Fluss-ofen first introduced into Silesia. 
Proposal in the British Parliament to bring 
all their pig-iron from the American colonies, 
so as to save the wood on their own Island. 

The use of Dudley's method begins to 
extend the consumption of pit-coal. The 
Coalbrook-Dale Works established. tom. 

Product in England, from 59 Furnaces: 17,350 

The invention of fan-bellows, or rotary 
1749. 

Blast; by a person named Teral. 

Act of 23 Geo. II. ,* taking off the duty 
from American Iron, (which had been for 
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pig8^ 8s. 9i^d. per ton^ and for bara^ £2 Is. 6ld. per 
ton^) but forbidding the erection of Slitting or 
Rolling mills in America. 

Cylindrical cast-iron bellows, moved by a 
water wheel, erected by Mn Smeaton, for the 
Carton Iron Works, in Scotland. 

After this epoch, which is that of Watt's 

Steam Engine, such bellows became of gene** 
ral use: Landrin dates their universal employment 
in 1778. 
1780. Invention of the Puddling furnace. 

^According to the best testimony,' says Mr. Hol- 
land, ^the first person, who introduced or attempted 
this process, was an iron-fnastfer, ih the county of 
Gloucester, named Cort; but like too inany Other 
inventors, he was ubsuccessful, and ruin overtook 
him before he could turn to his own advantage that 
scheme, which — presently — ^became so profitable in 
the hands of others. The first individual, who 
succeeded, and derived from it a princely fortune^ 
wab a resident of South Wales; who had the judg* 
ment to perceive, and the spirit to patronize, the 
ingenuity of a person, who, acting as his engineer, 
carried towards perfection, the art ofpuddHngk The 
process was quickly introduced into every part of 
the country, where the Iron trade was carried 
on: — the business was rushed into with capitals 
of jeiO,000, to £100,000, iron-works multiplied 
rapidly, the quantity produced exceeded the con- 
sumption, competition reduced the price below the 
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co8t of manufactaring^ and not a few adrenturers 
had to tell a tale of disappointment and ruin.^ Thid 
epoch is^ by some^ referred to a date four years 
later, viz. 1784; by others to 1785. 

Invention of Iron-Rolls : — patent granted to 
the same Mr. Cort, mentioned in the pre- 
ceding paragraph. Like the former, it was an 
unprofitable discovery for him. 

Product in England from 63 coke foM. 

furnaces; active, 48,800 

24 charcoal ; active and inactive, • . 13,100 



77 furnaces, 61,900 

17964 Charcoal Furnaces almost entirely given up : 

Product from 121 furnaces, . • Tou, 124,879 

1802. Product from 168 furnaces, . . 170,000 

Product from 227 furnaces (only 
1806. ^ ^ 

159 active at once,) 250,000 

Product (on the authority of Mr. 
* Dufr6noy,) 400,000 

Mr. Murray, who makes it 690,000 tons for this 
year, and 680,000 for 1830, must have been misin- 
formed. 

I am not able to assign the exact date of Mr. 
HilPs patent for the use of forge-cinder : I take it 
to be about this time. Although a useful invention, 
yet I believe that neither Mr. HilPs employment of 
it, bor theirs who contested his patent, had been the 
first or the second time of its use. 



i 
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Samuel Rogers mentions it in 1819^ in those 
letters which are spoken of in the Introduction to 
this Report. 

According to M. Dufrenoy, there were in 

the commencement of this year^ in all^ 374 

furnaces in Great Britain^ Scotland^ and Ireland ; of 

which 27 1 were in activity : the product from 262 of 

which was Tons 581^367 

The other 9 at the same average of 2^219 

tons per furnace^ 19^971 

Product from 271 furnaces: . • . . 601,338 

The same writer affords the authority for the 

following table, shewing the proportions of different 

kinds of Iron, viz : tom. 

Finery iron, or for Bars, . . . 339,662 

Iron for 2d fusion, or Castings, • 1 72,250 

Pig-iron, 89,426 

601,338 

1827. Product from 284 Furnaces: 690,000 tons. 

^^^ Era of the introduction of the Hot-Blast: 
1829. 

patent enrolled March, 1829. The Inventor, 

Mr. Neilson, thus speaks of it (in 1836,) in a letter 
to Mr. Telford. 

^ About seven years ago I received information that 
one of the Muirkirk Iron furnaces, situated at a con- 
siderable distance from the Engine, did not work so 
well as the others ; which led me to conjecture that 
the friction of the air, in passing along the pipe, 
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prevented an equal volume getting to the distant 
furaace^ as to the one situated close by the engine. 
I at once came to the conclusion^ that by heating 
the air at the distant furnace^ I should increase 
volume in the ratio of the known law of expansion.' 

This was tested by an experiment in a smith's 
forge: forthwith experiments were commenced at 
the Clyde Iron Works; which, being completely 
successful, led to its adoption at the Calder, and 
many other works. 

^Tbe air, as at first raised to 250^ F.' Mr. Neilson 
goes on to say, ^produced a saving of three-sevenths 
in every ton of pig made; and the heating appa- 
ratus having since been enlarged so as to increase 
the temperature of the Blast to 600° F., a propor- 
tional saving of fuel is effected: and an immense 
additional saving is also acquired by the use of raw 
coal, instead of coke, which may now be adopted. 

^By the use of this fuel, with three-sevenths of 
the fuel formerly employed, the Iron-maker is now 
enabled to make one-third more iron of superior 
quality.' 

This last position has been doubted: in another 
place the evidences will be brought together and 
compared. 

Product of Iron in the United tom. 
States of America, 191,536 

Dr. Cleland states the whole pro- tob.. 
1833 

* duct of Great Britain, at ... . 700,000 

But this I should think is much under-estimated. 
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1834t Three Charcoal furnaces still left in Eoglanct* 
Dr. Ure states the product in this 



1836. 

year to have been 1^000^000 

,^^^ There were still ftoo charcoal furnaces left 
1839. 

in England at this date^ according to infor- 
mation given me; whose products were absorbed 
in some particular manufactures^ — especially those 
where steel is made by cmitacty as is the case with 
fire-irons generally. 

As well as I could ascertain from different sources^ 
the whole number of furnaces^ in Great Britain and 
Ireland, may be set down at four hundred and 
eighty-four; to which, in the spring of 1840, may 
be added forty-seven in process of construction. 
Mr. Johnson of Liverpool, estimated September last^ 
as contemplated to be commenced in 1839-40, sixty 
new furnaces in Wales, and twenty-six for Scotland 
alone; exclusive of thirty-one actually building in 
the former, and seven in the latter district, which 
will thus have more than tripled its number in four- 
teen years. 

In 1826, Scotland had 25 furnaces: 17 in blast: 8 inactiye* 

1839, " " W " 50 " 6 

1840, we estimate 88 " 77 " U " 

The precarious state of all trade renders it im- 
possible to fill up the last two columns for this year^ 
with accuracy. 

Of the whole number of furnaces just now men- 
tioned (484), there were in activity at once tom. 
445 furnaces; producing l,250,Q0O 
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This I take to be a near approximation of the 
truth. 

The following tables^ compiled from a Parliamen- 
tary Report of July^ 1839, may be interesting; as 
shewing the present state of the commerce of Great 
Britain in this article. 



I- 



Foreign Iron, Import and Export. 



WHXKX BSlfT. 


1835. 


1836. 


1837. 


1838. 


Foreign iron imp. from Sweden 
Ruasia and elsewhere, . . 
Foreign steel ; principally from 
Sweden, 


TONS. 

13,787 
5,96:3 

969 


16,646 

8,387 

1,066 


11,216 
8,067 

423 


16,643 
7,464 

497 


Total w^oried, . . . 


20,719 


36,098 


19,696 


23,604 


Foreign iron exported TJ. S. A. 

Elsewhere, 

Steel, 


595 
2,040 
1,36] 


2,302 

2,460 

965 


916 

1,700 

341 


2,063 

2,316 

648 


Total exported, • . . 


o,99o 


6,727 


2,989 


6,017 



Foreign iron consumed, . | 16,723 1 20,371 | 16,736 1 18,487 



n. 



Domestic Iron Exported. 



WBKXE 8SNT. 


1&35. 


1836. 


1837. 


1838. 


To the U. States, of the 

following kinds : 
Bar iron, exclusive of bolts 

and rods, .... 
Pigs & castings, (prop. 8:1) 
Wrought iron, nails, &c. 
Unwrought steel, . . . 
Bolts and rods, . . . 


TOKS. 

29,124 

16,074 

4,286 

1,886 

590 


48,812 

20,878 

6,573 

1,952 

1,115 


9 

29,864 

13,842 

3,667 

1,477 

866 


48,694 

16,120 

4,667 

1,636 

222 


Total export to U. States, 
Elsewhere; of all kinds. 


51,960 
147,046 


79,a30 
113,027 


49,206 
146,085 


71,229 
184,789 


Total exported, . . 


199,006 


192,357 


194,291 


266,018 
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The last table on the opposite page^ I have re- 
duced from the report of the French minister of 
Public Works, for 1837, laid before the Chambers 
in 1838, to shew the advances, which France has 
of late years made in this branch of National 
industry ; aided much by the efforts and surveillance 
of a government, which takes scientific men under 
its protection. The effects in this manner produced 
in spite of local embarrassments and difficulties, and 
the economy which they have been able to intro- 
duce into the old methods, (which in many places 
are retained, because circumstances do not allow of 
any substitution,) would of themselves deserve a 
special report. 

Ccwpomofi of the product of Iron in France during several 

successive years. 

1833. 1834. 1835. 1636. 

DeMmlnatloB. Ton*. Tom. Ton*. Ton*. 

Ca0t-iron, 237,000, 260,064, 295,000, 308,363. 

Bai-iron, 152,265, 177,163, 209,539, 210,580. 

This is not enough for the consumption of the 
Empire; and therefore in 1836, France imported: 

Tou. 

Pig-iion, 19,962, principally from Great Britain. 

Bar-iron, 4,759, principally from Russia and Norway; of 

this only 99| tons were rolled Bars, and 

made with coal. 
Steel, ly057, (unwrought) chiefly from Sweden. 
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I also present here the following table of the 

Product of Iron tn Europe and Am/oiccu 

Ton*. 

England, 1839, 1,250,000. m. p. 

France, 1836, 308,000. Pub. Doc. 

Russia, 1830, 167,500. Vaiefosse. 

Sweden, 1830 150,000. Earsten. 

Austria, 1830, 100,000. Kaisten. 

Prussia, 1830, 60,000. Virlet 

The Harz Mountains, .... 60,000. Virlet. 

Holland and Belgium, .... 60,000. Viilet 

Italy, 50,500. Viilet. 

Spain, » 18,000. Virlet 

Norway, 13,500. Karsten. 

Denmark, 13,500. Virlet 

Bavaria, 13,000. Virlet 

Hungaiy, 10,000. Murray. 

Saxony, 8,000. Viriet 

Poland, 7,500. Viriet 

Switzerland, 3,000. Virlet 

United States of America, 1839, 235,000. m. p. 

2,547,500.* 

m See note p. 42. 

•0 Mr. R. C. Taylor, whose infoxmation upon such matters is entitled to 
much respect, has made a statement (which has been communicated to me 
only while these sheets are passing through the press) somewhat differing 
from mine. 

He arranges, upon the authority of a recent author, the product of Gnat 
Britain as fitUovrs: 

Tout. 

In England, 686,000. 

In South Wales, 560,000. 

In Scotland, 200,000. 

1,886,000. 
But he afterwards puts this amount down in gross at . . 1,612,000 tons. 
I have not, however, seen reason to alter the quantity I have given. Bel- 
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It has not been the policy of the British Govern- 
ment to encourage manufactures in any part of 
British America. With regard to Central and 
South America and the West Indies^ I have no 
authentic information. The same may be said of 
various nations of Asia and Africa^ who according 
to the testimony of travellers^ such as Gmelin, 
Mungo Park and others, use methods^ (from which 
we may draw or correct our ideas regarding those 
of classical antiquity^) that in a measure supply their 
wants. 

On the river Gambia the furnaces of the Cama- 
lians are ten feet in height ; but discordant accounts 
are given of the amount of their product. 

giam, he seti down at 147,640 tons. This estimate, which is upon later 
authority than I had consulted, I assume as more worthy to be received. 

But the product of the United States he regards, upon the estimate of Mr. 

Lea, to have been In 1887, 250,000 tons. 

In this I cannot accord. 

Dr. Ure, who has given a similar table in his Pictionaiy of Arts and 
Manufactures, but upon the authority of M. Viriet, has suffered a slight 
inaccuracy to escape him in the summation of the amount; which in the 
original is given in Quintals, but which he has expressed in Tons. The 
quintals in question are the fnttrical quintals, u e. one hundred Icilograrames; 
and the kilogramme is, as nearly as may be, 2.21 pounds avoirdupois ; so that 
10 metrical quintals are almost exactly 1 ton English. Hence J)r. Ure'v 
amount in tons, for 18,488,000 quintals— the whole production stated by M. 
Viriet,— should be 1,848,800 tons, instead of 672,000 tons, as the article in 
the work referred to gives it. 
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Sec, 3. Manufacfure of Iron in Maryland. 

No materials exist from which could be compiled 
an authentic history of the special Manufacture of 
Iron in this State. Such details as I have been able 
to collect orally or otherwise^ from sources that could 
be relied on, I here present ; — with the hope that it 
may induce contributions from persons, who may 
have some additional information and to whom I 
have not had access. 

The epoch of Furnaces in this State has been 
already given as of the year 1715, and the exporta- 
tation of Iron appears to have occurred first in the 
year 1717. It is very probable that some of the 
furnaces I shall presently mention, situate near the 
Western Shore of the Chesapeake, go to this early 
date. But the first authentic record, which I have 
met with, is among our Council-proceedings ** under 
date of 23 August, 1756; where, in a report of 
the Governor and Council to the British Commis- 
sioners of Trade and Plantations, there is stated to 
be eight furnaces and nine forges in operation. 

Again on 21 December, 1761, in a similar report, 
there is said to be the same number {eight) of fur- 
naces, making about 2500 tons of Pig, and ten 
forges, capable of working up 600 tons of Bar iron. 

•» Lib. T. R. & U. S. p. 118, etc. 

Mr. McMahoD, in his Histoiy of Maiyland, carries it, upon the same 
authority, as far back as 1740; when there appears to have been the same 
number of furnaces and foi^ges. 
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The reports, although desired by the commis- 
sioners to be annual^ do not appear to have been 
made regularly ; or it might not have been thought 
necessary to insert them among the Council Pro- 
ceedings. I do not find any farther mention of this 
manufacture or its amount down to the year 1771; 
beyond which I have not thought it worth while to 
examine. 

The motion made in the British Parliament^ in 
1737^ to import all their Iron from America, so as to 
spare their own forests has been already mentioned ; 
and either its rejection, or the operation of antece- 
dent causes which produced that rejection, led to 
the adoption of methods that in the general use of 
bituminous coal rendered such a policy unnecessary. 
Indeed, the other extreme was now in part resorted 
to; and the act of 23 George II., as already men- 
tioned, — although it professed to be for the encou- 
ragement of the manufacture in British America, and 
did in fact take off the duties from American Pig 
and Blooms, — forbade the erection of any mills or 
machinery for laminating, slitting or otherwise treat- 
ing forged iron. 

Mn SmoUet^ has already noticed the remarkable 
circumstances attending the passage of this bill, in 
the numerous and contradictory petitions and memo- 
rials presented in relation to it. From Sheffield, the 
TanThers represented ^that if the bill should pass, 

** SmoUet: Hist. England, B. iii. c. i. § 85. 
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English iron would be undersold: consequently a 
great number of furnaces and forges would be dis* 
continued: in that case the woods used for fuel 
would stand uncut: and thus their trade be deprived 
of oak-bark in sufficient quantity for its support.' In 
more natural and nearer connexion with the subject^ 
the Iron-masters and manufacturers from the same 
district alleged the great expense to which they had 
run in erecting their establishments and their conse- 
quent claim for protection^ as well as the claims of 
the labourers and others now in their employment^ 
who they assumed would infallibly be thrown out of 
work should the bill pass ; because of the advantage 
which the greater plenty and cheapness of wood 
would give to the American manufacture. Neither of 
these classes objected so much to the remission of the 
duty on Pig-iron: because the oak-bark consumers 
thought^ that as the furnaces diminished in conse- 
quence of imported Pig being cheaper, forges would 
increase; — which last were also the kind of estab- 
lishments in use about Sheffield. Nevertheless the 
government was warned by the latter class, that the 
main object of the Bill, — to diminish the importation 
from Sweden, — would not be attained, because the 
American iron was inapplicable to the purposes for 
which Swedish iron was wanted : And it was also 
suggested ^that if all the Iron manufacturers of Great 
Britain should be obliged to depend for their supply 
of Pig-iron from the Plantations, (which must ever 
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be precarious from the hazards of the sea and foreign 
enemies^) the manufactures themselves would pro- 
bably decay^ and many thousand families be reduced 
to want and misery*' 

The Birmingham Iron^dealers howerer^ in their 
petition^ asserted directly the reverse ;—*affirming the 
American iron to be as good in all respects as the 
Swedish : that consequently it could supply its place^ 
and thus save much money to the nation; because 
while the Swedes were paid in hard money, which 
they laid out again directly with the enemies of 
Britain — the French, — the American colonist would 
receive pay for bis iron in British manufoctures of 
?arious kinds : that Great Britain did not now pro- 
duce half enough to carry on the manufacture, and 
therefore ha?ing to import it, it made no difference 
to the domestic ih>n-smelters whence it came : never- 
theless in view of every thing that could be said, and 
specially with regard to compelling the colonist to 
take his pay m kind, they prayed Uhat the Ameri- 
cans might be restrained from erecting any rolling 
and slitting mills or forges lor making plates, as that 
would interfere with the manufocturers of Great 
Britain.' The act was finally passed as these last 
recommended. 

I do not know of any immediate local effect 

produced by this act, except in the tradition that a 

rolling and slitting mill belonging to Mr. Edward 

Dorsey, on the Patapsco^ and near the present 

10 
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AvaloD Works^ was in consequence stopped. But 
this has not full confirmation in any existing docu- 
ments* 

It is probable that at this era^ nearly all the estab- 
lishments which I am about to mention^ as near the 
Chesapeake bay^ were in existence. As there is no 
documentary evidence by which their chronological 
succession can be fixed^ I shall arrange them in the 
order of their geographical position^ beginning in the 
north-eastern side of the state and progressing west- 
ward. 

First in Cecil county was the Principio fumacey 
on the Creek of the same name and near the present 
stack of Mr. Whittaker. This furnace claims a high 
antiquity^ and was probably one of those originally 
erected by British capitalists. A part of its hearth 
is still standing. 

The erection of a forge on JNTorth-East^ commonly 
called Russell's forge^ and now carried on by the 
proprietors of Principio Works^ may be dated about 
the same time. But I have not been able to find 
any reference to the precise epoch of either estab- 
lishment. 

In Harford county was the Bush furnace^ be- 
longing to John Lee Webster^ not far from the village 
of the^ same name. But of this I have no farther 
information^ thaii that in August^ 1767^ it was adver- 
tised for sale in the Maryland Gazette* 
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OT another farnace^ called Onion^s^ about one 
mile bom Joppa^ there is in the same paper under 
date of August^ 1769^ a more full description; but it 
is more on account of the local advantages than of 
the Works themselves^ which do not appear to have 
been very extensive. About this era^ (from 1765 to 
1770) seems to have been an unfortunate time for 
the Maryland furnaces, — at least those in the dis- 
trict under consideration, if we may judge from the 
frequency and earnestness with which they were 
^exposed to sale. 

In both of the last mentioned establishments, the 
ore and particularly the wood are represented as 
being in great abundance; but the great difficulty 
with all seems to have been in the kind of labour, 
of which they made use. The hands employed 
were either convicts transported and indented here, 
or redemptianers as they were termed, viz: those 
whose services were sold for a term, to re-pay the 
expense of their passage. The unsettled condition 
of affairs about the time I have designated, is shewn 
by the number of advertisements in the same Journal 
already referred to, offering rewards, greater or less, 
for fugitive labourers of this kind, and slaves. I have 
been told, that seven or eight years later, the facili- 
ties which these persons had of enlisting in the army 
of the Revolution contributed no little to the cessa- 
tion of more than one iron establishment* 

Next in Baltimore county came the Hampton or 
Northampton furnace, erected by Messrs. Charles^ 
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John^ and Charles Ridgely about 1760. The latter 
name was the one by which it was most publicly 
known for the first ten years of its existence^ if we 
may judge by the newspaper. The instrument of 
co-partnership of the three proprietors bears date on 
28 October^ 1761; but the buildings were probaUy 
erected before, inasmuch as on 28 February, 1760^ 
a return was made of a writ of condemnation, which 
Charles the Elder had, with curious caution, sued 
out and laid to cover one hundred acres of his own 
land : — thus setting it apart especially for Iron works^ 
and defeating any actual or supposed right of the 
Lord Proprietary to assume in virtue of his Palati-^ 
nate, ^ the European royalty over mines of precious 
and other metals. To the same proprietors of this 
establishment belonged also the Long Cam forge 
on the Great Ounpowder. This forge I believe to 
have bebnged at first in great part to persons in 
England, and to assert a higher antiquity than the 
furnace. Both forge and furnace stopped many 
years since. 

On Stemmer's Run, was another furnace, about 
seven miles from Baltimore: and on Herring Run^ 
the so called Kingsbury furnace. 

These are all east of Baltimore. But on Jones^ 
Falls, close to the city, and on the site of Bradford's 
mill, was the Mount Royal forge. 

•s The act ^of May sessioo, 1719, ch, 15, though not exactly applicable to 
this ciae, was yet, I rappoic, itt riew of fho propiieton, in thii proceeding. 
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On a branch of Owynn'c Falls stood the farnace 
of the Baltimore Company ; belonging I believe^ at 
one time^ to a Mr. Dorsey^ but now to Richard 
Caton^ Esq. : and on the Patapsco^ near Elkridge 
Landing, was the Elkridge furnace of Mr. Edward 
Dorsey, (who also owned the rolling mill at Avalon 
before mentioned,) now belonging to Andrew EUi- 
cott, Jr. Esq. The forge to the Elkridge furnace is 
still in existence, and I believe used at Avalon. 

Where to locate the York furnace, belonging to 
Mr. Swope, an advertisement concerning which I 
have met with in the Maryland Gazette for 1 766, 1 
am ignorant; — ^the advertisement not defining the 
locality precisely. 

In Anne Arundel county, Thomas, Richard, and 
Edward Snowden owned the Patuxent furnace, and 
the Patuxent forge, now belonging to Messrs. E. T. 
EUicott & Co. 

The Curtis creek furnace, now Barker & Son's^ 
was I believe later than the epoch of which we are 
writing, and younger than the preceding. It was 
built by William Ooodwin and Edward Dorsey of 
Avalon ; and becoming the property of the co-part- 
ners (of whom Mr. Goodwin was one) in the Hamp« 
ton furnace, was in the adjustment of their affairs, 
sold to Mr. Barker. 

Ten or fifteen years before the Revolutionary war, 
the manufacture of iron in Frederick county is sup* 
posed to have had its origin; — first introduced by 
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foreigners or persons now unknown^ and at a period 
somewhat later (1770-90,) actively encouraged by 
Messrs. James, Roger, Thomas, and Baker Johnson. 
The particulars which follow are derived from 
James Johnson, Esq. now of Baltimore, himself a 
descendant of this public-spirited family, and are 
generally in his own words. 

Old Hampton furnace, on Tom's creek, about two 
miles west of Emmetsburg, but built by persons 
whose names have not survived, may be dated in 
1760-65. It was soon discontinued for want of 
good ore; and its seat is now occupied by a mill. 
^Legh furnace was built at nearly the same time^ 
by an Englishman, Mr. Legh Master, at the head 
df Little Pipe creek, two or three miles south-west 
of Westminster ; and shared the fate of Old Hamp- 
ton. I have understood,' says Mr. Johnson, ^that it 
did not make more than one or two blasts, — the 
ore proving unproductive, and the Iron indifferent. 
The site and part of the lands are in the possession 
of Messrs. Isaac and Thomas Vanbibber.' 

Catoctin furnace, situate about twelve miles north- 
west of Frederick-town, and within a mile of the 
present furnace-stack, ^was built in the year 1774, 
by James Johnson & Co. and was carried on 
successfully until the year 1787;' in which year, the 
same company erected the present furnace ^about 
three-fourths of a mile further up Little Hunting 
creek, and nearer the ore banks. This was carried 
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on by James Johnson &l Co. until the year 1793^ 
when a division was made between the brothers^ by 
lot. The Catoctin fell to the share of Thomas and 
Baker Johnson ; — two-thirds to the former and one- 
third to the latter : who carried it on^ not very suc- 
cessfully, until 1803, when Baker bought out the 
two-thirds of his brother, and rented it to Benjamin 
Blackford, for ten years, at <£I,100. At the expi- 
ration of Blackford's lease, the property was sold 
by the executors of the proprietor to Willoughby 
and Thomas; and was, after their dissolution of 
partnership, carried on by Willoughby Mayberry, 
until the year 1820, when it was sold by trustees 
to John Brien, who made very expensive improve- 
ments. It is now in the possession of the heirs of 
Mr. Brien.' The furnace was blown out in Novem- 
ber or December last; and I understand is not 
expected to be in blast again this year. 

The yield of the old Catoctin furnace is stated 
by Mr. Johnson, to have been from twelve to 
eighteen tons per week ; and the yield of the pre- 
sent is supposed to have been not materially diffe- 
rent. The ore which is worked, is brown hoema- 
tite, containing in its cavities more or less phosphate 
of iron. It has been represented to me as expen- 
sive to raise ; and the quality of the metal produced 
not of first grade. In the ore also is associated 
carbonate of zinc ; and the separation of this last 
metal has been very successfully effected, during the 
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*fiibricatioii of the national standards of weight and 
measure^ by M. Hassler. 

Shortly after the erection of the first Catoctin 
furnace^ (say in 1775-6^) the same proprietors 
erected on Bush creek^ about two miles above its 
mouthy the Bush creek forge. 'It consisted/ says 
Mr. Johnson, 'of a finery and chafery, and made 
from three to four tons of iron per week. A slit^^^ 
ting and rolling mill was also erected, at the spot 
now known as ReePs mill; — ^but after being carried 
on for a few years, was abandoned. The forge 
became the property of OoL James Johnson, and 
was kept in operation until 16 10^ when it was dis* 
continued. The Baltimore and Ohio Rail Road 
now passes directly over the place of the hammer 
wheel.' 

About the same epoch with the present Catoctin 
furnace, was erected by the same proprietors another 
furnace, situate on a small stream, one mile above 
the mouth of Monocacy, and called Johnson fur* 
nace. It was supplied with ore from the beds 
adjoining the Point of Rocks : whence the material 
was delivered by wagons, and by boats on the 
Potomac, jointly. The product did not exceed 
twelve or fifteen tons per week : but the iron was 
of good quality. 'Upon the division of the pro* 
perty, Johnson furnace fell ultimately to the share 
of Roger Johnson; who carried it on until some 
years after 1900-' 
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In coDnection with this furnace^ Roger Johnson 
^erected on Big Bennett's creek^ about five miles 
above its junction with the Monocacy^ Bloomsbury 
forge. This forge had a finery and chafery ; and 
the weekly product was between four and five tons. 
It was also carried on very profitably, for a year or 
two, by working up stamp-stvff from the cinder 
heaps of old Catoctin.' It was discontinued about 
the same time with Johnson furnace. 

^Fielderea furnace was erected by Fielder Gantt, 
three miles south of Frederick-town, on the Harpers 
Ferry road ; it made a blast, but the ore being un- 
productive and the iron of indifferent quality, it 
shared the same fate as old Hampton and Legh 
furnaces. The lands were divided into wood-lots, 
and sold out in the years 1791 and 1792. There is 
now a good grist-mill on the old furnace site, be- 
longing to the family of the late John Hoffman, of 
Frederick-town.' 

Such are the particulars which I have been able 
to obtain, concerning the manufacture of Iron in 
Frederick county. 

In Washington county, the Messrs. Johnson were 
hardly less active than in Frederick county. As 
far back as 1770, James Johnson, before mentioned, 
superintended (for Mr. Jacques and Governor John- 
son, under the firm of Jacques and Johnson,) the 
erection of ^Oreen Spring furnace, situate on Oreen 
Spring run, within one mile of its entrance into the 
11 
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Potomac^ and one mile from old Fort Frederick. 
It was carried on a few years ; but the ore was not 
productive^ and the iron of inferior quality. 

^Licking creek forge^ on Licking creek^ and near 
its mouthy was built by the same firm and under 
the same direction^ after the erection of Green 
Spring furnace; by which it was supplied with 
pig-iron. Some time afterward^ it was sold to Mr. 
Chambers^ of Chambersburg^ who carried it on for 
several years, with pig supplied from his furnace 
in Pennsylvania. 

^Mount Etna furnace^ on a branch of the Antie- 
tam^ five or six miles north of Hagerstown^ was 
built by Samuel and Daniel Hughes^ about the same 
time with the Green Spring furnace ; and was car- 
ried on successfully for many years.* 

This furnace is remarkable^ as having cast^ for the 
first time in Maryland^ cannon during the Revolu- 
tionary war. ^An eighteen pounder of its manufac- 
ture is now lying on Barracks Hill near Frederick 
Town.' — It was discontinued before the beginning of 
this century. 

In connection with this furnace^ and not more than 
one mile and a half distant^ the same proprietors also 
built the Antietam forge^ about four miles north of 
Hagerstown; which; after the stoppage of the fur- 
nace^ was for some years supplied with pig-iron 
from Pennsylvania. 

The present Antietam Works were built by Messrs. 
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Henderson and Ross, about 1776-80. After carry- 
ing them on successfully many years, they came into 
possession of the family of the present proprietors. 
These works will be again mentioned, in speaking of 
the existing establishments in Maryland. 

It may not be amiss to present here, in one view, 
a list of those furnaces in Frederick and Washington, 
about which I have not thought myself allowed to 
omit the interesting particulars given above, together 
with their respective dates, and the names of their 
first proprietors. I hope that if any omission shall 
have been made, or any date given too vaguely, 
those who may have more exact information will 
communicate it to me. 

Iron Manufactories in Washington County. 

Dali. Kame, By whom ereeUd, DUamtinuid, 

mo Green Spring Furnace, Jucques & Johnson, about 1T75 

'* Licldng Creek Forge, do. do. 1780 

1771 Mount Etna Furnace, S. & D. Hughes, do. 1795 

" Antietam Forge, do. do. 1800 

1775-80 Antietam Works, Henderson & Ross, still active. 

Manufactories in Frederick County* 

1760-65 Old Hampton Fuitiace, 
176^^-65 Legh Furnace, 
1774 Old Catoctin Furnace, 
1775-76 Bush Creek Forge, 
1787 Catoctin Furnace, 
1785-80 Johnson Furnace, 
1787-00 Bloomsbury Forge, 
1789-00 Fiddexea Furnace, 
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Legh Master, 


1765^ 
1765^ 


Jas. Johnson & Co. 


1787 


do. 


1810 


do. 


stiU active. 


do. 


1800-5 


Roger Johnson, 


1800-5 


Fielder Gantt, 


1791 
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From these details^ which I have collected as to 
the early iron manufactories in Maryland^ I shall 
pass to an account of existing establishments. 

In speaking of these, I shall pursue the same 
order of geographic position^ in which I have treated 
of their predecessors. First; then^ comes the Prin- 
cipio furnace ; belonging to Messrs. G. P. Whittaker 
& Co.; situate on Principio creek; and very near 
the track of the Philadelphia and Wilmington Rail 
Road. 

The present furnace stack; which is about one 
hundred and fifty yards lower down the creek than 
the ancient one before spoken of; was built by Mr. 
Hughes about the year 1800. It was injured and 
partially destroyed; during the occupation of the 
adjoining district by the British; in the war of 1812; 
but was subsequently repaired and carried on by the 
same proprietor; until 1817-18. It then went out 
of blast; and so laid until 1836; when it was pur- 
chased; together with a large body of land; by its 
present proprietors; who have conducted it success- 
fully ever since. 

The stack itself is thirty-three feet high; from the 
hearth to the charging plate ; and the diameter of 
the boshes is eight and one-third feet. The water 
of the creek furnishes the motive power (about 
fifteen horse-power) of the blast; which passes into 
the furnace through one tuyere pipC; under an 
average pressure of 1| pound per square inch. The 
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trundle-head is also provided with an apparatus for 
heating the air ; which is used or not^ according to 
circumstances^ and the train in which the furnace is 
desired to be put. 

The ore used at this establishment comes princi* 
pally from the beds near tht Spring Gardebs^ Balti- 
more ; from whence it is carried by water to within 
four hundred yards of the furnace. It came nearer^ 
before the rail road passed between the landing and 
the furnace-yard. A part also comes from Iron Hill^ 
near Elkton. The former is an altered carbonate 
of iron^ and yields upon an average from 35 to 40 
per cent. The latter is represented to me as a 
brown hematite^ giving from 45 to 50 per cent. 
The specimen which I have seen^ however^ I should 
consider as a siliceous carbonate of iron. The flux 
used here with these ores is oyster-shells. 

The average annual yield is estimated at 1100 tons. 

In the same county (Cecil) and situate on the 
North-east river^ is a furnace^ not now in blast^ 
erected in 1810 by Messrs. Sheredine and Russell. 
It was run only about four years^ till 1814. 

The forge on the same stream (the old Russell 
forge before mentioned) is now carried on by the 
proprietors of the Principio works : as well as the 
Elk Iron-works^ situate on the Elk^ about four miles 
north of Elkton. These last are mills only for the 
manufacture of sheet iron^ boiler-plate^ and nails. 
The crude iron from Principio is used up at these 
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two establishments. All these works together give 
employment to not less than 150 labourers and 
artisans. 

Of the rolling-mill, on the Octorara, belonging to 
Mr. Roman, as well as of the forge, •* about four 
miles above, on the same stream, belonging to the 
heirs of Mr. James Hopkins, I present here no par- 
ticulars : as these manufactures do not form part of 
the subject of this Report. The same is to be said 
of the forges of S. Stevens &c Co. situate on the 
river Elk ; which I have not yet visited. 

The next establishment is the La Grange Iron- 
works, on Deer creek in Harford county, belonging 
to Messrs. J. Rogers and Son. This consists of a 
furnace and forge ; the latter erected by Mr, John 
Withers in 1832, the former by the present pro- 
prietors in 1836. The furnace is, I presume, about 
twenty-eight feet in height from hearth to charging 
plate : the boshes are six feet in diameter. The 
water of the creek is used to drive the blast ; which 
is cold. 

The ore, which is a brown hematite of good 
quality and yielding about 50 per cent, of iron, is 
procured from beds distant six miles, in a south- 
westerly direction, from the furnace. The flux is 
lime-stone, obtained about one mile farther than the 
ore banks, in the same direction. The average 

** Since writing the text, I am infonned there is at the tame place a for* 
nace-stack i which is not, howeyer, in blast. 
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annual yield is estimated at 1170 tons ; and the bat^ 
iron is stated to be excellent. ^' Of the forge I do 
not offer any details; but the entire establishment 
employs about 72 men and 29 horses and mules. 

Harford furnace^ belonging to Messrs. Patterson^ 
was erected in 1830^ but has been during the winter 
of 1839^ taken down for the purpose of rebuilding. 
Of it^ therefore^ I do not present any account^ nor of 
the other works connected with it^ which do not 
come within the scope of this Report. 

On Curtis creek is situated the furnace of Messrs. 
J. Barker and Son^ on the site of the establishment 
before mentioned of Messrs. Goodwin and Dorsey — 
the precise date of which I cannot give. 

This furnace is thirty feet high^ and nine and a 
half feet boshes. The blast is driven by the water 
of the creek^ which also turns three other wheels 
for different purposes connected with the establish- 
ment. The machinery for the blast furnishes about 
nine hundred cubic feet per minute through one 
tuy6re-pipe ; whose structure presents a peculiarity 
that merits attention. The diameter of the nozzle is 
at the extremity six inches : in which nozzle^ works 
(by a lever regulated from without,) a plug of five 
and a quarter inches in diameter. The withdrawal 
or approach of this plug, in regard to the extremity 
of the nozzle, increases or diminishes the area of the 
circular zone through which the air is driven into 

es Ducatel: Geolog. Rep. 1838, p. 0. 
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the furnace^ and thus regulates with more delicacy 
than the ordinary throttle, the quantity of air fur- 
nished; while the greater di£fasion of the blast is 
supposed (and I think with probability) to leave 
ample room for all its useful e£fect^ with less danger 
of any deterioration or derangement in the hearth^ 
attendant upon too great pressure and sharpness of 
the entering current. 

The ore used here comes in part from beds near 
to the furnace, and in part from the same locality 
which furnishes the Principio furnace. The flux 
used is oyster-shells : and the iron produced at this 
establishment has a high character for toughness and 
tenacity. 

At the same place there is also a foundry, erected 
in 1829, belonging to Messrs. Barker ; who likewise 
have one in the city of Baltimore, that dates as far 
back as 1810. These two foundries convert into 
castings about two-thirds of the quantity made at the 
furnace. This quantity, in an average blast of nine 
months, is estimated. at 1100 tons. The entire es- 
tablishment employs through the year 150 men and 
30 horses and mules. The facilities which its situa- 
tion gives it for water-carriage much diminishes the 
expense in the latter regard. 

Close by the mouth of the harbour of Baltimore, 
and on Locust point, is situate the Patapsco furnace, 
of Messrs. £. T. Ellicott & Co., erected by them in 
1835. The height of this furnace is thirty feet, and 
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diameter of boshes six feet. It is blown^ like all the 
furnaces I have mentioned^ with one tay^re; and 
the motive power to the blast is a steam engine of 
twenty horse-power. 

The ore comes mainly^ I believe^ from the locality 
before mentioned; but some used to be procured 
from beds at the furnace. The average product per 
annum is rated at 1000 tons. 

This furnace is worthy of remark from the mode 
of its structure ; which is both more economical and 
more effective than the ordinary way of building 
used in Maryland. The arrangements in connec- 
tion with the preparation of charcoal^ which is made 
in ovenSy are also worthy of note. I cannot doubt 
but that^ under suitable management, a considerable 
economy must attend their use. 

Connected with this furnace are puddling furnaces 
and roughing-roUs : which use up all the pig made 
by the furnace, and furnish the bars to be re-manu- 
factured, to the Avalon Works. 

The same proprietors own also the Patuxent 
furnace, erected by themselves in 1831-2, at the site 
of Snowden's forge on the Little Patuxent, which 
has been before mentioned. The height of this fur- 
nace is twenty-eight feet ; the diameter of the boshes 
eight feet. The blast is driven by the water power 
of the stream through one tuyere, and with the 
pressure (usual through all the Maryland furnaces) 
of 1} pounds per square inch. 
12 
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The ore comes from points near to the furnace 
and is an altered carbonate^ in which are associated 
crystals of the peroxide of iron. It is smelted with 
facility, and yields 50 per cent, of iron. I believe 
that use has also been made of the forge-cinder, 
which had accumulated in considerable quantities at 
the spot. The flux of both furnaces is oyster-shells : 
and their average duration of blast, nine months. 

Like the Patapsco furnace, there are puddling 
furnaces and roughing-roUs here also : and the an- 
nual product, estimated at 1200 tons, is converted 
into bars, and sent to the Avalon Works to be 
finished. 

The Avalon Works are exclusively devoted to 
the manufacture of bar-iron. I present therefore 
no particulars in regard to them, except that their 
capacity is rated at the fabrication of 4500 tons per 
annum: and that, in connexion with the two fur- 
naces just now described, not less than 860 labourers 
and artizans, and 150 horses, mules, and oxen are 
employed. 

In 1826, the Elkridge furnace was erected by 
Andrew EUicott, Jr. and Brothers, near Elkridge 
* landing. The furnace is thirty- two feet high, with 
boshes of eight and a half feet. The blast is driven 
by water from the Patapsco, and is carried into the 
furnace by one tuyere. 

The ore occurs in the vicinity ; and I believe the 
position of the race for the water wheel is favourable 
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for the transportation of some considerable quantity. 
It is of the same character with the ores all along the 
western verge of the Chesapeake. 

The duration of the blast is from nine to ten 
months : and the average annual product^ which has 
been stated to me at 1400 tons^ is almost entirely 
produced in castings of various kinds^ principally 
water and gas pipes. The iron is of good quality; 
and I have had occasion to notice the advantage of 
its being mixed with some other pig to produce 
castings of the second fusion^ in which the maxi- 
mum of stiflfuess and tenacity was desirable. 

This establishment gives occupation to at least 100 
hands, and 50 horses, mules, and oxen. 

I believe that at the Savage Factory, on the Pa«- 
tuxent river, and connected with the Baltimore and 
Washington Rail Road by a branch railway, a fur- 
nace has been recently erected. But I have not had 
opportunity to ascertain any particulars or results. 
At the same place a foundry has been for some time 
in successful operation. 

In regard to the Catoctin furnace in Frederick 
county, and the Antietam Works in Washington 
county, I have not been favoured with any particu- 
lars to add to what I have already said in regard to 
tiieir past condition. 

As far back as 1833, in a report made jointly by 
my colleague, the State-Geologist and myself, the 
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importance of the Coal-region of George's creek and 
Jennings' Run in AHegany county, was pointed out 
specially with regard to the manufacture of iron : for 
which local circumstances, similar to those which 
have proved of such valuable occurrence in Wales^ 
seemed to shew an extraordinary aptitude. The 
attention of capitalists having been drawn to this 
region, many charters of incorporation were pro- 
cured ; and in 18S9, the George's Creek Company 
commenced the manufacture of iron, (almost for the 
first time in America) with coke, and subsequently 
with raw coal. Their furnace erected at Lonaconing, 
about eight miles south-west of the National Road at 
Frostburg, is fifty feet high and fourteen and a half 
feet boshes, blown by a Steam engine of 60 horse- 
power, through two tuyeres. The air was heated by 
stoves placed near the tuyere arches, and attained a 
temperature of 700^ F., and was driven, under an 
average pressure of 2i pounds per square inch^ in 
quantity to 3200 cubic feet per minute. 

The ores, which are carbonates of iron, were 
procured from drifts a few hundred yards from the 
furnace, and yielded an average of 34 per cent, of 
metallic iron. The flux was the carboniferous lime- 
stone obtained from the same hill. Connected with 
the furnace is also a foundry, for making machine 
and other castings. 

The average weekly product of this furnace was 
75 tons : and the whole establishment gave employ- 
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ment to upwards of 220 hands and 20 horses and 

oxen. 
In the same coal-basin, and about nine miles north- 

east of Lonaconing, I am informed that another char- 
tered association, called the New York and Maryland 
Iron and Coal Company^ are about to erect furnaces, 
similar in dimensions and capacity. 

On the waters of Bear creek^ a branch of the Yo- 
hogany river, and near the village of Friendville, Was 
erected in 1828-9, by proprietors acting under a 
charter, the Yohogany Iron Works, consisting of a 
furnace and two forges. Although situate in a coal 
region^ the abundance and cheapness of wood in- 
duced the manufacture of iron with charcoal; but 
I believe that the want of suitable communicationis^ 
which were of public interest and were anticipated 
to be constructed within a shorter date than events 
have justified^ rendered the cost of the article when 
at its market too high, to allow a proper remunera- 
tion to the establishment. Since 1834, I think it 
has been inactive. I am not in possession of docu- 
ments to show its capacity or results when in ope- 
ration. 

The preceding pages give account of all the fur- 
naces on the Western Shore. There remains only 
one on the Eastern Shore to be spoken of: this is 
the Naseongo furnace^ situate on the Naseongo 
river^ about five miles from Snow-Hill, in Worces- 
ter county; erected I learn by Mr. Mark Richards, 



94 

of Philadelphia^ in the year 1830, but now belong- 
ing to Mr. T. A. Spence. The information which I 
have in regard to it^ is not more recent than 1834 ; 
before it passed into the hands of the present pro- 
prietor. 

The ore used is bog-ore^ coming from a locality 
about one mile north-west of the furnace. I believe 
this is the only instance in Maryland of the employ- 
ment in quantity of this kind of ore ; which is easily 
smelted^ but does not yield over 29 per cent, of iron. 
The average annual product was^ at the date I have 
mentioned^ 700 tons^ during a blast of about eight 
months in the year. It is probable that this quan- 
tity is increased^ under the personal supervision of 
the present owner. 

For particulars relating to the average cost of 
charcoal iron in Maryland, I refer to another chap- 
ter; and what has been already said comprehends 
the most satisfactory account of the subjects treated 
of; which circumstances have allowed me to prepare. 



CHAPTER II. 
MetaOurgic and Geographic DUiribuHon of the Ores of iron. 

A FULL account of the minerals with which iron 
is associated^ so as to form a considerable or princi- 
pal part, has been given by M. Berthier in his Trait6 
des Essais par la Voie Seche, and by Dr, Thomson 
in his Outlines of Mineralogy, Geology, and Mineral 
Analysis. But this account includes as well those 
which are used in the manufacture of iron, as those 
which furnish materials for the other branches of the 
arts, and those finally which are objects of scientific 
interest or curiosity. It will be sufficient for the 
purposes of the present Report, that I include only 
the former class ; which may be called workable iron 
ores: and that in their order, I classify them in the 
respective proportions of simplicity, with which the 
metallic iron is associated with other substances. 

Although not literally an ore of iron, (i. e. not 
mined as such) yet capable of being worked as such 
when procured, may be placed : 

I. Native Iron: — The testimonies as to the 
occurrence of this substance appear to be too direct 
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and unexceptionable^ to warrant our withdrawing 
our belief in its existence. Besides the specimens 
mentioned by Dr. Thomson/ M. Schreber is said 
by Dr. Ure to have discovered a well-characterized 
specimen near Grenoble; Professor Olmsted has 
included an instance of it^ (the piece weighed two 
pounds,) in a description of minerals found in Ran- 
dolph county^ N. C^ though this is more likely, I 
think, to have been meteoric; and Professor Silli- 
man' mentions a mass upwards of three thousand 
pounds, which had been forwarded from Trinity 
river, Louisiana, to New York. This last has 
however since been determined to be of meteoric 
origin. 

The specific gravity of specimens from Canaan in 
Connecticut, Dr. Thomson states at 5.95 to 6.72; 
the weight of water being 1. 

Although other substances may be by accident 
mechanically associated with the iron, in its chemical 
constitution it may be considered pure mets^lic iron. 

2. Meteoric Iron, (or as some have called 
Native nickeliferous Iron, from its always contain- 
ing nickel) has been found in various parts of the 
globe: and as it has in some cases actually been 
worked, it is not excluded here. A remarkable 
specimen was discovered by Pallas on the Jenisei, 
in Siberia, where the Tartars had reverenced it as 

1 OatUnet, be. vol. i. p. 481. > Journal of Science, vol. iii. p. 45. 
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89cred; and Don Michael Rubin de Celis diflcovered 
at Otumba in the old province of Chaco^ near 
Buends Ayres^ in 1783^ a mass weighing three 
hundred quintals^ or about fifteen tons. ^On cutting 
off pieces/ says the writer, * ^I found the whole full 
of cavities, as if it had been formerly in a liquid 
state. I was confirmed in this idea, by observing on 
the surface of it the impressions as of human feet 
and hands, of a large size; as well as the feet of 
large birds, which are common jn this country. 
Though these impressions seem very perfect, yet 
I am persuaded they are either a lusua natum; or 
that impressions of this nature were previously on 
the ground, and that the liquid mass of iron falling 
on it received them.' 

There was still in the British Museum, in 
October, 1839, a large piece of Meteoric Iron, 
(weighing 1400 or 1600 pounds,) which was sup- 
posed to be a part of this identical meteorite; as 
also a piece detached from the Siberian discovery of 
Pallas. Besides these there are as many as ttoelve 
different localities, represented by iron of this or the 
preceding sort, in the cases of the Museum. More 
than one place in Africa, Bohemia, Saxony, the 
Milanese, Mexico, and Brazil, have all sent their 
contributions. There may be also seen a knife and 
harpoon made of meteoric iron by the Esquimaux ; 

* Phil. Xnu. 1788, p. ST. 

13 
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ftnd brought in by Captain Parry^ I believe^ from 
Davis' Straits. 

The meteoric mass or thunderbolt from which^ in 
1620^ the Shah Jehanguire had fabricated some ex* 
cellent sabres (which case I alluded to^ when I said 
it had been actually worked) is more remarkable 
from the curious mention which the Shah makes of 
it in his autobiography/ than for its size^ (which was 
only five or six pounds^) or any other circumstance. 

There is a peculiarity in meteoric iron^ that it is 
not liable to rust. 

Its specific gravity is 7.3: and in six analyses, 
which Dr. Thomson gives, the proportion of nickel 
varied from 1.5 to 8.58 per cent. The chemical 
proportion of union or association is probably, as 
Stated in the same place/ 10 atoms of Iron united 
with 1 atom of Nickel. 

3. Magnetic Iron Ore. — This is so called 
because (except the titaniferous iron ore from 
Brazil) it is the only ore of iron attracted by the 
magnet, without the application of heat. 

The mode of its occurrence, although its geolo- 
gical position is in the primitive formations, is very 
varied; it being found sometimes in beds, as in 
Savoy and Piedmont, the Tyrolese and Vosges; 
sometimes in bands or a series of bands, as at 
Dannemora in Sweden, Arendal in Norway, in the 

« PhU. Timn. 180S, p. 202. • Oatlinai, etc. rol. 1. p. 48t. 
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Ural mountains^ etc.; it forms the mass of considera- 
ble mountains^ as at Taberg in Smoland ; and is also 
worked^ as i.n the kingdom of Naples^ near the sea^ 
in small grains^ in the character of sand. 

The available deposites^ of the greatest reputation^ 
of this ore are in Sweden^ which furnishes from it 
annually to Great Britain a quantity of iron not less 
than 16^000 tons; to be there employed principally in 
the manufacture of steel. Its superior tenacity and 
elasticity are by Mr. Tredgold attributed to the me- 
thods of making it; it being shingled altogether under 
the hammer^ instead of the squeezers and rolls of 
the English manufacturer. The peculiarity of the 
ore itself^ and its exemption to a great degree from 
any admixture of earthy and foreign matters^ (Dr. 
Thomson found only 1 i per cent, of silica associated 
with the peroxide of iron^) has in all probability the 
greatest influence. The methods of manufacture are 
nearly the same in all the Swedish establishments^ 
and the workmen were transplanted from those to 
the Siberian works of Count Demidoff; yet the value 
set upon the iron from Dannemora and Neviamskoi 
is by no means the same^ there being five or six 
brands which are between them. 

This ore occurs also in several localities in Mary- 
land^ along the primary range in Cecily Harford, and 
Baltimore counties ; and ako^ Dr. Ducatel has found 
it on Parr's Ridge^ in Carroll county : but I believe 
no deposite has yet been found sufficient to warrant 
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its being worked for metallurgic use. It was at one 
time worked at Schooley^s mountain, New Jersey. 

The specific gravity of a pure specimen was found 
by Dr. Tiiompson to be 6.092 ; and its chemical 
composition has been determined by the same ope- 
rator and the Swedish chemist Berzelius, to be 1 
atom or equivalent of Iron united with \\ atoms of 
Oxygen; thus constituting the most simple known 
compound of iron with any other substance. 

4. Specular Iron Ore. — This is also called by the 
French mineralogists fer oligiste; the mineral being 
itself almost iron. It occurs both among crystallized 
and sedimentary rocks; and varieties of the species 
may be found, apparently of daily formation, amid 
the lava of Vesuvius, and in ancient and existing 
solfaterras, as of Tolfa and Guadaloupe. The most 
celebrated deposite of it is in the island of Elba, 
where it has been worked for more than two thou- 
sand years ; but there are other very striking locali- 
ties : such as Gellivara in Lapland, and Sommorostro 
in Biscay, where it forms (as the preceding class,) 
the massif of large mountains; Framont in the de- 
partment of the Vosges, the only point in France, I 
believe, at present furnishing it; Norberg in Den- 
mark, and the Minas Geraes in Brazil, where it 
exists in very extensive beds; and finally^ like the 
magnetic ores, as sand upon the shores of the island 
of Elba, whence it is exported under the name of 
pcuhtte. 
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- it is met with also in many places in the United 
States : at Montague in Connecticut^ is a very con- 
siderable deposite, according to Mr. Hitchcock ; in 
the basin of the Monocacy^ and on the Catoctin 
mountain in Maryland^ it also occurs; and Mr. 
Tyson speaks of a favourable locality near Liberty^ 
avail of which; however^ the scarcity of fuel on the 
spot and difficulty of transportation from it hitherto 
have prevented from being taken. 

The metal from this ore is much esteemed^ and 
is hardly inferior to that produced from the magnetic 
oxides. From this was made the Celtiberian iron^ 
which we have seen was so celebrated in ancient 
timeS; — a fame from which the Bilboa blades have 
not detracted ; and^ indeed^ in many of the Swedish 
mines it is associated with^ and in the working is 
not separated from^ the magnetic ore. 

Under the name of red hamatite^ too^ the ores of 
this class are widely extended ; they form those im- 
portant deposites in Cumberland^ England^ so useful 
to mixture with the more southern ores^ and con- 
stitute the principal part of the mining about Lau- 
terberg and Altenau in the Hartz. 

The compact red iron are^ occurring at Lavoulte 
in Prance, in veins fifty to sixty feet thick, belongs 
also to the same class, as well as red ochre; which 
last is sometimes used with advantage to mix with 
poorer ores. 

The specific gravity of the specular ore, the type of 
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this class^ is 5.251 ; and when pure, it is entirely a 
peroxide of iron. It is chemically composed, then^ 
of 1 atom of Iron united with 1 k atoms of Oxygen. 

5. Fibrous Brown Hjematite. — In the ores of 
the preceding classes, the iron has not been found 
united, except accidentally and to an unimportant 
extent, with any other substance save oxygen. We 
come now to a class where Water is a permanent 
additional element, in proportion from 10 to 15 per 
cent., in the constitution of the ore. To this. Dr. 
Thomson has given the name of Hydrous Peroxide 
of Iron ; it is the Kmonite of M. Beudant and others ; 
and the views of both will be preserved, by taking 
as the true type of the class the fibrous brown 
hiBmatUe, long known in our own region. 

This type and a variety, the compact brown he- 
tnaiite, furnish a great part of the iron of France ; 
the deposites in Lancashire, about Whitehaven, in 
England, which are of enormous extent, are a va- 
riety (the reniform) of this class; — the oolitic variety, 
in which small globules, or egg-like masses, are held 
together by a calcareous or argillaceous cement, 
covers a considerable extent in Burgundy and Lor- 
raine, and is found also in Carinthia and Styria; — 
the granular hydrates^ or ferriferous sand, are 
worked to advantage in the department of Doubs 
and in Normandy in France, in parts of Switzer- 
land, in Silesia, Bavaria, Poland; and finally, as 
bog'iron ore, it is profitably mixed with other ores, 
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as in* the lowlands of Silesia and Livonia^ or used 
alone/ as at Naseongo in this State. I do not know 
that the braum ochre, (strictly so called) belonging 
to this class^ which furnishes a pigment and is used 
in other branches of the arts^ has been employed 
to aid in the production of iron ; though it is very 
capable of rendering important assistance. 

Varieties of this species^ somewhat altered by 
atmospheric exposure or other circumstances, have 
been also extensively worked in Maryland ; as at the 
Hampton furnace, at the Harford furnace, where it 
is carried from a point near the Baltimore and Sus* 
quehanna Rail Road, and at the Lagrange furnace, 
in Harford county ; at the Catoctin furnace, in Fre- 
derick county, where it is associated, as before said^ 
with carbonate of zinc ; and near the Point of Rocks, 
where the Potomac cuts through the Catoctin moun- 
tain, whence it is taken for the use of the Antietam 
furnace in Washington county. At the last men- 
tioned locality, it is earthy and ochreous, constituting 
what is termed by the workmen, pipe ore. 

Generally, in all of this kind of ore at the eastern 
base of the Catoctin mountain, there is more or less 
of an earthy phosphate of iron, filling the cavities of 
the mass. 

The specific gravity of the type is 3.922, according 
to Haidinger ; and in chemical constitution is com- 
posed of 1 atom of Water, 1 atom of Iron, and 1 i 
atoms of Oxygen : or, for the purposes of this dassi- 
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ficatioD^ it may be considered as 1 atom of Water 
with 1 atom of pure Specular oxide: There are 
always associated from 3 to 10 per cent, of impu- 
rities^ which are made up (in proportions nearly 
equal) of silica^ alumina^ and manganese. In the 
hog'iron ares, there is generally present more or less 
phosphate of iron. Such is the case at the Naseongo 
furnace. 

6. Carbonate of Iron. — I have taken this as the 
type of a class^ more widefy extended and more pro- 
ductive than any other on earth. It is variously 
known under the names of sparry iron arcy fer spa- 
thiquey argillaceous iron ore^ and siderose : but there 
may be made of it two principal divisions^ the crys- 
talline or sparry y and the argillaceous or lUhoid; the 
former occurring in beds and pockets^ in the primary 
rocks^ — the latter in the newer formations^ and espe- 
cially stratified among the coal measures. The fa- 
cility with which the formed can be reduced^ ren- 
dered it of abundant introduction in the smelting 
houses of the ancients ; it was from this ore^ that the 
Styrian works turned out the metal so favourably 
known before our era as the J\rorican iron ; and the 
name of steel ore^ under which it has been designa- 
ted by some^ from the readiness with which it fur- 
nishes a steel at the first treatment^ is not less a test 
of its value. 

But the other variety, argillaceous iron ore^ the fer 
carJxmaii lUhotde of the French mineralogists, is even 
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more valuable ; not so much from the excellence of 
the metal produced^ as from the cheapness with 
which the position and extractability of the ores allow 
an article^ of sufficiently good quality^ to obtain in 
general use and for a surprising variety of purposes. 
Its economy arises as well from the improved me- 
thods of manufacture now employed^ as from its as* 
sociation with the beds of fuel for smelting it, and 
from their being in many cases actually taken out to* 
gether. Indeed, these ores in Great Britain came 
only into use when, about one hundred y^rs ago> 
pit-coal began to be employed instead of charcoal 
of wood ; and in mining the coal, attention was also 
drawn to the ores which accompanied it. 

They furnish now nearly the whole enormous 
product of Great Britain; — they are beginning to 
be used in France, where, as in the departments of 
the Nord, Loire^ and Allier, they exist in abun- 
dance ; — they return a small part of the metal from 
the Harx;— ^they are profitably employed to some 
extent in the bituminous coal fields of Pennsylvania, 
Ohio, and Virginia, in America ; and finally, they are 
Qow lately worked with good success in this State^ 
in the Allegany coal field about to be approached by 
the Chesapeake and Ohio canal. 

I had purposed to present here a comparative 
view, derived from my own observation^ aided by 
those of othere^ of the positions of this ore in Eog*^ 
14 
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land and in America^ and the methods of extraction 
in the former country ; but fnlly to explain it, would 
require a more systematic and voluminous work than 
can be expected now. The following general re- 
marks may sufSce. 

The principal iron districts in England are Gla- 
morgan and Monmouth in Wales, the neighborhoods 
« 

of Dudley and Bilston in Staffordshire, and the vici- 
nity of Glasgow in Scotland. In the first district, 
that of Wales, there are altogether sixteen beds in 
which the ore occurs and is worked,— either continu- 
ous in bands, or in balls that sometimes touch or lap 
over one another, but always appear to have a sort 
of stratification. The average thickness of all these 
beds, taken together, is about eight feet; and the 
proportion of the metal, about 33 per cent, of the 
ore. M. DufrSnoy estimates the extent of this basin 
at 935 square miles ; which, however, is not all avail- 
able, in consequence partly of the local circumstances 
of the ground, and partly from the dislocations, irre- 
gularities, and faults in the strata. Such is the case 
at Merthyr. 

In the Staffordshire basin, the number of bedl^ is 
greater, and I think also the quantity of iron ; though 
from its great depth below the surface, it is not so 
easily availed of as the Welch ores. The total thick- 
ness of the seams that are or have been worked, may 
be taken at about five feet ; and the proportion of 
metal about 30 per cent, of the ore, — it being in this 
respect inferior to the Welch basin. 
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The ores and general features of the Glasgow basin 
have in the last ten years become extensively known^ 
principally from an account and description by Dr. 
Colquhoun^ to which I refer ;^ and which has been 
<^opied from the Journal where it first appeared^ in 
1827-28^ into several other scientific publications. 

The number of beds in this fields that have been 
^xplored^ is fourteen; making a total thickness of 
nearly fiot feet : and the average proportion of metal 
is rather less than 33 per cent. But some of the 
beds^ to which the greatest resort is had^ yield con- 
^derably more ; as for instance Mushet^s black handy 
as it is termed^ gives 42 per cent of irpn. 

In the coaUbasin of George's creek^ and Jennings' 
run^ in Maryland, these ores occur in considerable 
quantity. At Lonaconing there are twenty-two beds^ 
varying in thickness from two to twelve inches ; some 
of the beds are in continuous bands^ others in flat- 
tened nodules^ built together as it were in somd 
places, in others merely contiguous. The aggregate 
thickness of all the beds yet explored and approached 
hy drift, (no shafts having been sunk below the level 
of the creek,) may be taken at aeoen feet, and the 
proportion of iron 34 per cent, of the ore. 

The following table exhibits the results of various 
analyses, made on ores from different points of this 
basin : 

< Brewiter'fl Edinburgh JournaU vol. vii. p. 224. 
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Under this class may also be mentioned the altered 
ores^ occurring in the secondary regions near to and 
below Baltimore. 

These ores occur in the form of ^nodules varying 
in size from a few inches to several feet in diameter. 
The composition of these nodules in many localities 
is gradually changed into the hydroxide of iron — 
the cavities are^ however^ often lined with crystals of 
pure carbonate of iron^ approaching nearest to that 
form called mixte by Hauy.^ ^ 

7. SiLicATED Iron Or£. — The silicates of iron 
are not worked in America^ nor in England^ where 
there is even a prejudice against them. Neverthe- 
less there are silicates of iron^ in which the metal is 
in sufficient proportion^ and its associates not too in- 
fusible upon proper admixture^ to render the smelt- 
ing of them profitable. ^Such are/ says.M. Walter 
de Saint-AngCi 'ferruginous garnets^ basalt charged 
with oxidulated iron, the silicated iron ore of Kup- 
ferrath^ cronstedtitCi and jasper. 

'At the works of Ardon they already treat the 
chamoisite; which is green^ very fusible, magnetic 
before and after roasting, and yielding 43 per cent* 
of excellent iron. 

'At Lendersdorf they use the silicated iron ore of 
Kupferrath; and in the principality of Henneberg 
in the environs of Suhl, they treat a garnet^ of a 

7 Tfuu. Maiyltnd Ac«d. of 8e. vol. i. p. 104, 
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reddish brown colour and regular form. The iron 
produced from this last is of excellent quality. 

^Basalt^ garnet^ and the common jasper^ are 
especiaily fit for entering the service of Metallurgy^ 
because of the abundance in which they are found 
in different countries. Volcanic basalt exists in con- 
siderable masses in the departments of Cantal^ Puy 
de Dome^ etc.; in Scotland, Ireland, the Hebrides, 
and in Germany. Garnet is in abundance in Bohe- 
mia, Silesia, Hungary, Spain, Corsica, Italy, and in 
many places in France. Jasper occurs in the form 
of thick beds, sometimes of entire mountains; and 
is found in Sicily, Piedmont and Siberia — ^also in 
France, in the departments of Is^re and the Higher 
Alps.' 

Taking as the type of this class the chamoisite 
mentioned by M. Saint-Ange, occurring at Chamoi- 
sin in the Yalais ^in thick and numerous beds, in a 
limestone mountain abounding in ammonites, and 
probably therefore belonging to the lias formation,' 
we have the following analysis by M. Berthier : 

Protoxide of Iron, 50.5 

Silica, 12. 

Alumina, 6.6 

Water and bitumen, 14.7 

Carbonate of lime, 14.4 

Carbonate of magnesia, . . . . . 1.2 

99.4 

shewing a considerable per centage of Iron. 
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Its specific grayity is 3 times that of water; and its 
strict chemical constitution is assumed to be^ 1 atom 
of Silica and 2 atoms of Water combined with 2 
atoms of Iron. 

8. TiTAinATED Iron Ore. — I mention this be- 
cause a variety has been worked with good success 
at the Harford furnace of Messrs. Patterson^ in this 
State. 

Besides this locality^ it occurs at several other 
places ; such as at Menaccan in Cornwall^ in Brazil^ 
where it is in great abundance^ constituting moun- 
tains or very thick and extensive banks^ at Arendal 
in Norway^ at Egersund in Salzburg^ etc. etc. 

All these localities appear to present differing va- 
rieties ; the proportions of titanic acid being from 20 
to 57 per cent, of the mass. In the case of a speci- 
men from Transylvania, Klaproth found 84 per cent, 
of titanic acid, when it ceased for metallurgic pur-^ 
poses to be an ore of iron. In another case, from 
Maisdon, Berthier found the titanic acid as low as 9 
per cent.; it being replaced by 34 per cent, of silica, 
leaving 31 per cent, of metallic iron. 

I omitted to mention before, that traces of titanium 
are sometimes met with in the litho'id carbonates 
about Merthyr in Wales ; where it is seen, either in 
crystals of the oxide, in the cavities of the balls of 
ore, or as pure crystallized titanium, in the hearth 
of the furnace. In the latter condition it occurs also 
in the Scottish furnaces. 
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I subjoin the analysis, by M, Berthier, of the ore 
of the Harford furnace. 

Protoxide of iron, > 
Peroxide do. J 

Titanic acid, 18 

Grangue 2 

100 

I am told that, though it required careful manage- 
ment, the iron produced from it was of good quality 
and profitable. 

As for the other combinations in which iron is 
found — the sulphurets, phosphates, arseniets, tungs* 
tates, columbates, and chromates, they are eitheif 
useless because of the costliness of the separation, as 
in the first case, or, from the greater value of some of 
the associated substances, are worked for and applied 
to other purposes in the arts, as in the last named 
instance. So also the franklinite of New Jersey^ 
although containing 46 per cent, of metallic iron, 
has only been serviceable for the extraction of zinc ; 
to which purpose it was very successfully applied by 
M. Hassler, during the fabrication of the excellent 
brass which he caused to be prepared for our national 
weights and measures. 

The subjoined table, exhibiting the ratio per cent, 
of met€Ulic iron in the different classes I have named^ 
as well as a recapitulation of those classes, will con* 
elude all that is necessary to be said in this chapter*. 
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CHAPTER III. 

Of the Means, Machinery, and Materiak, employed in the Mcmm- 

facture of iron. 

To GIVE an account of the various processes, 
gone through by the Iron which we see daily in its 
finished state^ belongs to a more detailed and syste- 
matic work. It will be enough^ as this chapter will 
be read chiefly by practical Iron-masters^ to mention 
such points of similarity or difference as seemed to 
me important to be recognized between the Iron- 
works of America and Great Britain^ and also be- 
tween those of the different manufacturing Districts 
of Great Britain itself; and to present such statisti- 
cal details as are supposed of interest to our own 
manufacturers^ and may be taken as authentic. 

The manufacture of Iron is so directly divided into 
two stages (each of considerable extent and involv- 
ing its own peculiar processes^) that it dictates a 
similar division in any remarks on the general sub- 
ject. What will be treated of here^ then^ will be the 
production of pig-iron or castings from the ore^ 
i^ e. the operations of the blast furnace : the second 
amd subsequent processes for the conversion of this 
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product into malleable or bar-iron^ i. e. the operations 
of the* forge and mill; will form the matter of a future 
Report — ^not less interesting for the scientific^ thaa 
for the practical; considerations which it involves. . 

Sec. 1. Of Bkit Furnaces generally — iheir Location, Coneiruc' 

tion, etc, 

A marked difference is seen in the position and 
circumstances of the Blast furnaces in Wales and 
Staffordshire^ arising from the different physical and 
economic relations 'of the two districts. Amid the 
mountains of Wales^ the furnaces almost without a 
single exception are built against a hill-side^ which 
thus in fact forms one side of the stack : in the wide 
and extensive basin round about Dudley^ they are 
with the same uniformity built singly^ or in a row. 
of two or three; on the plain. In the former^ the 
materials are generally upon a level entirely above^ 
or but little below the top of the stack; and hence 
descend to it; but in the latter, they have always 
to be raised up by machinery after having been 
delivered at the base of the furnace. 

There is also a difference in the material used in 
the construction of the furnaces in these two districts : 
In WaleS; stone being generally employed except for 
the lining or in*walls; for which (as well as in some, 
instances lately for the hearth) fire-brick has been 
used; — in Staffordshire the greater facility of ex- 
traction of an excellent brick-clay; (which is either a 
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pure fire-clay, or one rendered more or less refrac- 
tory by an association or admixture of that ingre- 
dient) has suggested the entire building to be made 
of brick. In a suite of three furnaces, under erec- 
tion in October 1839, in the neighbourhood of 
Dudley, and which were the best designed and 
executed of any that I saw in that district, the 
hearth and in-walls, which were of fire-brick bedded 
as usual in fire-clay, were carried on simultaneously 
with the shell of the stack. It is to be expected 
also, that in Wales the use of this material, which 
has been very successfully applied thus far, will 
before long become general. 

The shape of the stack also is different in the two 
districts. In Wales they are massive square trun- 
cated pyramids. In Staffordshire, they are conical 
chimneys, rising out of an oblong breast- work of 
masonry. In this latter district, too, they are uni- 
formly built together; in Wales, in several cases^ 
the bases even of the furnaces do not join. 

The Staffordshire furnaces are also much less 
massive, and do not contain nearly the quantity of 
masonry with the Welch furnaces. — To make up for 
that they are much more bound together with iron* 
In Wales the ironing consists chiefly, if not exclu- 
sively, in bars of one and three-quarters to two 
inches square laid horizontally on the parallel sides 
of the stack, — the ends bearing an elliptical or cir- 
cular clamp of cast iron, secured by a nut. 
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But in Staffordshire^ although among the older 
furnaces this method may be still seen in practice^ 
it is more usual to employ vertical bars^ and secure 
them in their places by strong hoops of iron en* 
circling the stack. These hoops are placed^ in many 
instances^ so near together as almost to hide the 
material of which the building is composed. 

One instance only of avoiding in a great degree 
the necessity of all those costly iron fastenings came 
under my notice^ in Derbyshire^ at the works of the 
Butterley Company. There the joints of the seve- 
ral ranges of stone (of which the furnaces were 
built) instead of being horizontal, were at right 
angles to the battered face of the wall ; and in the 
centre of the three visible sides, corners had been 
designedly turned: so that the whole work repre- 
sented four distinct piers. The expansion of the in- 
walls had been enough to separate the piers about 
three and a half inches from one another; but as 
every thing had been calculated for this, there was 
no dislocation or crack elsewhere. In the plates 
accompanying this Report will be found a sketchy 
shewing the manner of building and position of the 
stones. 

The general principles of construction of the inte- 
rior of a furnace have been well recognized, since 
the last thirty years, and are the same every where : 
that is to say, the said interior consists of two cones 
attached base to base^ and the lower and smaller one 
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inverted.' But within this general principle^ the 
proportions and sizes of these cones^ and the colla- 
terals by which they are united^ are almost infinitely 
varied. Thus the total height of the stack (exclu- 
sive of the chimney ) may be found to vary^ in diffe- 
rent localities^ from 35 to 63 feet ; the width of the 
boshes (corresponding to the junction of the bases of 
the two cones) will be from 7 feet to 20 feet: in 

9 

many furnaces the portion from the boshes to the 
trundle-head is a frustum of a cone^ in almost an 
equal number it is a parabolic spindle; the Welch 
hearths are principally square or oblong in the direc- 
tion of the lateral tuy^res^ while those in Stafford- 
shire are more frequently circular ; finally there has 
even been an experiment tried, in which the hearth^ 
or crucible properly so called^ is entirely omitted^ 
and the interior^ when newly built^ presents the 
same outline which is seen in furnaces that have 
been long at work^ and have' become scoured out 
and degraded. The success of this method is repre-: 
sented as having been good. 

These differences in structure are principally ar-* 
bitrary ; but there is a point in which furnaces vary,' 
which is not so much a matter of caprice, — namely^* 
the angle of the boshes. This is observed to differ 
in almost every locality ; and should, in theory, de- 
pend upon the fusibilities of the ores, or (in cases 
where the absolute fusibility is the same) upon«the 
strength of the coal and the intensity of heat sup- 
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plied by it. If we suppose a very fusible mine re- 
posing amid intense beat upon boshes which have a 
small angle with the horizon^ or are comparatively 
flat^ — there is danger that the point of liquefaction 
will arrive too soon^ and the melting materials will 
unite with the matter of the boshes and either scour 
them away^ or, by forming a new and not so fusible 
compound with some of their ingredients^ will be- 
come fixed there, and thus choke up and perhaps 
chill the furnace. Therefore for fusible mines, or 
with a combustible of great strength, it is proper to 
have the boshes more steep ; while with weak coals 
or a less fusible ore, they shrfuld be more flat, in 
order that the cementation or chemical union, which 
must to a certain extent precede liquefaction, may 
liave full leisure to take place. 

The same considerations appear to be applicable 
also to another circumstance,— the width of the trun- 
dle-head; which is in like manner found to vary 
much. Thus the ordinary diameter at this part is 
between 6 and 7 feet, for large furnaces; but the 
Derbyshire furnaces before mentioned have (at least 
a new one lately built) a diameter of 9 feet; and 
some furnaces in Wales have even carried this as 
high as 12 feet 

I must take occasion to mention here the appara- 
tus employed for charging^ at the Butterley Works ; 
which indicated much ingenuity, and also is found to 
answer an excellent purpose. The railway upon 
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which the cars came to the trundle-head^ was conti- 
nued entirely across the mouth of the furnace ; and 
because the intense heat^ even there^ would be suffi- 
cient to burn out in a short time any solid bars^ the 
rails are for that portion (say 12 feet) made holhWy 
and a constant stream of water^ brought from . a 
neighbouring spring in the adjacent highlands^ is 
made to flow through them. This water either runs 
to waste down the sides of the furnace^ or is con* 
ducted to the boilers of the Engine. The charge is 
thrown in directly from the rail-road car^ instead of 
being loaded first on a barrow; which is effected 
by a peculiar construction. The body of the car it- 
self is a cylinder^ about three and a half feet in di- 
ameter^ of boiler-plate ; the bottom^ which is coni- 
cal^ (like the bottom of a Bristol porter-bottle) is 
moveable in a vertical sense by means of a rack in 
an upright shaft attached to the apex of the cone^ 
and worked by a pinion^ whose axle and crank- 
handle extend to the front of the car. I have en- 
deavoured to make this more plain by a sketchy that 
will be found among the plates; in which the frame- 
work for the play of the rack and pinion^ the wide 
cylinder^ and the shape of the bottom^ are all shown. 
It is presumed that from the materials sliding off in 
concentric circles^ there is a much better distribution 
of them^ and a remedy to the evil frequently seen 
when the charging is performed only by one door. 
It is also asserted that charged in this aniform man- 
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ner^ the furnace admits a greater number of charges 
in a turn of twelve hours. 

In this particular^ the number of charges^ there is 
great variety in different furnaces^ and (although not 
so much as in America) at different times^ with the 
same furnace. About thirty charges^ per ttamy is 
the most usual in Staffordshire^ and thirty-six in 
Wales ; — ^but they sometimes do not exceed twenty, 
and I have seen them go up to forty-eight, — the 
coke-barrow carrying 500 pounds. But this will be 
spoken of, when I come to treat of the materials 
employed and their method of employment. 

From the nature of the ground about the Stafford- 
shire furnaces, which is an extended plain, it follows 
that it is necessary to lift all the materials of the 
charges to the trundle-head of the furnace ; and for 
this purpose, various machinery is employed. Gene- 
rally, it is a small steam-engine specially applied to 
that use; — sometimes an ingenious application of 
water to a system of alternating buckets is made ; — 
and more rarely still, the steam-engine, which creates 
the blast, serves also to raise the materials. In the 
best arrangement of the second kind of motive power, 
which I observed in Staffordshire, the water was first 
pumped up by the blast-engine to the top of the fur- 
nace, whence it flowed into a bucket^ whose whole 
bottom was in fact a valve opening upwards. The 
size of the counterpoising basket containing the 
16 
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charge^ was so proportioned, that, as the water- 
bucket became full, it descended by its greater 
weight until it reached the base of the furnace, 
where was a reservoir in which a projecting cleet, 
striking against the valve of the bucket, forced it up, 
and thus discharged its contents. Thus emptied, 
the water-bucket became lighter than the ore-basket, 
which had been by this time discharged; and of 
course, whenever the latter was, by hand, set free 
from the parapet of the fuPBace, the former as- 
cended. At the place I speak of, the system com- 
prehended two water-buckets and four baskets; 
these performed their work in a very regular man- 
ner, and were quite sufficient to supply the furnace. 
A part of the water, pumped up by the engine^ 
served to supply the water-tuy6res. When a 
steam-engine is employed, if the incline is at all 
steep, (and it varies according to circumstances 
from 15^ to 40°) the rails are generally racked^ to 
increase the adhesion and spare the machinery. At 
an establishment, immediately on the Birmingham 
canal, where two furnaces were in activity, making 
60 tons per week each, the Incline-engine was of six 
horses power. Of course, whatever be the inclina- 
tion of ascent, the platform carrying the baskets of 
coke and mine, etc. is always horizontal ; the weigh- 
ing and filling of the baskets is all done below, and 
the Filler goes up on the platform with them, at the 
proper intervals of charging ; which interval, at the 
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place and time I speak of^ was every half-hour* In 
Wales, generally this trouble is entirely saved. 

Very rarely in any Iron-manufacturing district* 
in England, is there sufficiently uniform supply of 
water, for motivating the blast. Therefore almost 
uniformly, that part of the work is performed by a 
large steam-engine ; one end of whose working 
beam is attached to the piston-rod of a double-acting 
blast cylinder. The proportions of this apparatus 
vary according to the localities. Generally it may 
be said, that' a low-pressure condensing engine of 
22 horses, is capable of forcing as much air as is 
consumed by a furnace, making 50 or 60 tons per 
week: this is about 3200 cubic feet per minute. 

It appears to be found of profit, however, to have 
larger engines, and with them blow at the same time 
three or more furnaces and fineries. These engines 
are from 80t to 100 horses power; and the fineries 
are estimated to consume one-fifth of the air fur- 
nished. For the large furnace establishments, the 
average size of the blast-cylinder is about 8 feet in 
diameter, and 8 feet stroke ; — the number of strokes 
about 15 per minute. If more work is to be tempo- 
rarily performed by the blast-engine, the speed of 

> I recollftct but one case of water-power applied in Wales— at the PI7- 
mouth Works of Messrs. Hill & Co.; where four furnaces and four fineries are 
blown by four cylinders, each 5 feet in diameter and 6 feet stroke. The 
piston-rod makes about 18 strokes per minute. 

> All the Engines that I remember are amdenting; they are sometimes 
kigh-pretiwre condensing engines, however. 
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the piston is increased^ and generally about in direct 
proportion to the number of furnaces to be alimented ; 
thus at one establishment^ where are three furnaces 
blown into from a cylinder 9 feet diampter and 8 feet 
stroke, and making 14 strokes per minute, four fur- 
naces are sometimes fed by increasing the number of 
strokes to 18, per minute. 

At another establishment, where there are seoin 
high furnaces, very frequently all in blast at once, 
and seven fineries, there are no less than three en- 
gines for the blast, one of 90, one of 80, and another 
of 40 horses-power. The cylinder of the larger en- 
gine is 9i feet in diameter and 8 feet stroke ; and 
the piston makes about 13 strokes per minute. Each 
furnace (they are fifty feet high) is estimated to con- 
sume 3500 feet of air' per minute; — the fineries being 
supposed to consume one-fifth of the whole quantity 
of air furnished. 

I am informed that in the furnaces about Glasgow^ 
the diameter of the blast-cylinders is somewhat be- 
low the average I have given for the Welch and 

3 This is in round numbers ; the exact calculation .would give a little 
more. On the general assumption that the loss of air is about & per cent, of 
the contents of the cylinder, the formula of calculation is 
j Q=1.9 oZp. 

where Q = the quantity furnished per minute in cubic feet ; a = the area of 
the piston ; I = length of stroke (both in feet and fractions ;) and v zs=. num- 
ber of strokes per minute. These strokes are full strokes, or revotuitbnf. 
Dr. Ure gives the proportionate consumption of the fineries at OM-tighJlh of 
\ the whole quantity furnished. I think, with the waste and other circumstan- 

\ ces that would be taken in account under a more delicate formula than I have 

given, it will be found nearer to what is stated in the text. 



\ 
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Staffordshire furnaces; the stroke however is not 
less^ and the speed of the piston greater. Hence 
they work also at a greater pressure. 

By comparing the working of several different 
establishments in Wales^ it results as the average of 

« 

that district (and not far from the truth in other dis- 
tricts I believe) that one horserpower (33^000 lbs. 
raised 1 foot high per minute) furnishes about 130 
cubic feet of air per minute^ and corresponds to the 
production of two tons per week. 

The use of Regulators of this large quantity of air, 
in order to its issuing in a uniform stream through 
the tuyferes, is universal. The shape and kind how- 
ever are very different at different localities. M. 
Dufr^noy has already divided them into three kinds : 

1. Air-chambers of constant capacity; 

2. Air-chambers whose capacity varies with the 
ascent or descent of a piston ; 

3. Water-regulators ; in which the capacity varies 
to a similar extent as in the last class, but in a con- 
verse manner. 

The first class comprehends those most generally 
used throughout Wales : as to their dimensions and 
shape, however, it seems quite arbitrary. At one 
establishment it was a sphere of 19 feet in diame- 
ter ; * at another place it was cylinder, with hemis- 
pherical terminations, whose length was 30 feet and 

* AtDecazeviUe in France, there is a similar one, of the enormous diame- 
ter of 24 feet. 
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diameter 16 feet I have been able to find no rule 
among the Iron-masters for its proportions^ except to 
make it as large as possible. In theory, the blast, 
under a pressure of two pounds, should be equalized 
by the capacity of the regulator being nearly nine 
times that of the blowing-cylinder, — the size of the 
airways being the same in both- In general, regula- 
tors are from twelve to fifteen times as capacious as 
the blowing-cylinder. 

The second kind requires an air-chamber, whose 
capacity need not exceed that of the blast-cylinder. 
Not unfrequently they have two such chambers, — 
each cylindrical, and furnished with its own piston. 

The last kind is generally seen in Staffordshire. 
The troughs or boxes are from 30 to 40 feet long, — 
and from 10 to 15 feet broad, and about as much 
high. The ill effects produced by an access of mois- 
ture to the furnace are only counteracted by peculi- 
arities of the materials and great care in the work- 
ing, which they apply in the district mentioned ; and 
this sort of regulators cannot be recommended to 
general use. 

From the Regulator, the blast passes into the fur- 
nace generally through two tuyeres, on opposite sides; 
and not unfrequently in Staffordshire, through three. 
In this case, the hearth should be more oblong than 
usual. This is not contradicted in the fact of there 
being one establishment near Merthyr Tydvil, where 
a circular hearth is blown into by three tuyeres. In 
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such a circular^ or in a square hearth^ the position of 
the tuyeres is not of so much consequence ; but in 
the hearths which are oblong in the direction of the 
tymp, the axes of the opposite tuyeres are never in 
the same vertical plane ; or^ what is the same thing; 
the streams of air on the two sides are not in the 
same line; so that in effect^ the blast is somewhat 
diagonal or towards the corner. The distance of the 
planes apart^ or the amount by which the tuyeres are 
out of line, varies from four to nine inches. 

AIsO; according to the quality of the iron wished to 
be produced; (this is especially the case in Stafford- 
shire) use is made of one or the other of the two 
tuy^re-apertureS; which are made in the same tuyere- 
arch ; one about two feet above the other^ in a fur- 
nace fifty feet high. The chemical action of this 
arrangement will be dwelt upon in another chapter. 

The size of the nozzles to the tuy^res^ varies in 
different places from two to four and a half inches. 
This variety arises from the difference of opinion^ 
which has of late years especially existed among the 
furnace-managerS; as to the practical effect of the blast 
under different degrees of pressure. These opinions 
resolve themselves into two classes; one of which 
maintains that the increased pressure^ or weight of 
the air driven in the furnace^ produces a special ef- 
fect, — the other, that the quantity^ or volume of air 
at the atmospheric density, is the only thing to be 
considered in the combustion^ and consequent work- 
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ing of the furnace. As is very natural, each side, or 
some individuals of either side, have appeared to 
think, that the maintenance of their own proper opi- 
nion involved a great and necessary difference from 
the opinion of all others. In the next chapter, which 
will be devoted to a consideration of the Chemical 
phenomena of Furnaces, the definitions of this sub- 
ject will be more fully given. 

Without further reference to theoretical opinions, 
it may be stated, that in fact, the pressure in the 
Staffordshire blast is not more than 1| pounds per 
square inch at a maximum : — in Wales, the average 
pressure is found to rise to 2i pounds per square 
inch, though there are cases of 3 pounds : finally, in 
Scotland, the pressure of the blast at an average is 
not much below 3i pounds, and in some cases has 
amounted to 4 J pounds, per square inch. But I am 
informed that in some of the establishments in the 
vicinity of Glasgow, they are now perceiving an 
advantage in diminishing this enormous density. 

The employment of fjoater-tuyires is very common, 
if not universal, both with Hot and Cold blast fur- 
naces. These utensils, made originally of cast iron 
of considerable thickness, have been subsequendy 
fabricated of wrought iron or boiler-plate, of copper, 
and of the mixture (not properly an alloy) which 
takes place between iron and copper, when exposed 
together to a high temperature. This mixture was 
at first forged ; but it being found to be red-shorty or 
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apt to break before great heat^ it was subsequently 
cast. The impression seems warranted now^ after 
all these trials^ that cast-iron of small thickness will 
be found the most serviceable. 

In the use of various apparatus for increasing the 
temperature of the blast^ the furnaces of Great 
Britain are nearly^ or quite^ equally divided. There 
is not the same equality^ in the preference shewn for 
different sorts of apparatus. The methods of heat- 
ing by the trundle-head^ which has been the most 
extensive in America^ is not found in England to 
give a proportionate advantage^ in the economy of 
fuel only ; a greater advantage is therefore generally 
by preference availed of^ by erecting ispecial furnaces 
near to each tuyere-arch. This requires more fuel^ 
but greatly enhances the productive effect of the 
blast. The qtioHty of that productive effect is a 
consideration . that I will treat of hereafter. 

In regarding this subject^ one thing has struck 
me^ which however I do not give as the result of 
specific observations^ but only as entided to the 
force of an impression^ viz : that in establishments 
consisting of several furnaces^ where there is the 
apparatus for hot-blast^ the proportion of furnaces 
in acHvityj at the same time^ is greater than in 
establishments using exclusively cold-blast. 

The nature of the blast also affects^ in a greater 
or less degree^ the aspect of the tuyeres and of the 
17 
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trundle-head. In the use of hot-blast, other cir- 
cumstances remaining the same, the tuyere is mwe 
clear and bright. Likewise the flame from the 
trundle-head, during hot-blast, I have seen attain 
an elevation not short of 25 feet, — a height I do not 
recollect ever to have observed during cold-blast. 
Generally in furnaces of the latter kind, a tuyere 
somewhat obscure is preferred in making Foundry 
iron; while a very bright tuyere is supposed to 
indicate the working of forge-pig. But this depends 
in all probability more upon the materials employed 
than upon any thing else: for different furnace- 
managers will sometimes affirm di&rent rules. 

The building? and sheds about the furnaces, 
though presenting different architectural efiEects, are 
in general for very uniform purposes. Toprhouses 
or Bridge-houses are, in Staffordshire, rare; they 
can hardly be said to be common in Wales, to the 
extent to which we find them in America. The 
Cast-houses, however, much surpass ours in all re- 
gards. Against a stack of furnaces, they are most 
frequently built with their gable ends in front, and 
with the ridge pole in the direction of the tymp. 
Both in front and in the interior, they are often 
supported on cast-iron columns ; and the girders, 
rafters, and roof, of metal. This gives them an* 
appearance of great lightness and beauty; as will 
particularly strike an observer at Cy&rthfa. The 
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height from the floor to the ridg6-pole is rarely less 
than thirty-five feet^ ex<^ept in sniUll' establishments ; 
and no part of the roof ^eems to approach nearer 
than eighteen feet to the ground. The roof of the 
cast^house does nbt afways abut against the stack ; 
and in such a case^ there is a p^ht-shed attached to 
the stack, at a greater heighty which throws off the 
water that^ during rains^ would otherwise fell about 
the Tymp-arch. 

Of course every variety, that caprice br conve- 
nience could dictate, may be expected and is met 
with, in the interior passaged and arrangements 
about the stacks and cast-hotises. The access to 
the tuyeres, etc. in some, lA extreihely confined aiid' 
difficult; — the tymp-arch however is generally spa- 
cious, so as to afford as much room for the work- 
men, and as great an access of cool air, as possible* 

This ventilation is very necessary, on account of 
the temperature of this part of an English furnace ; 
which is much above what is experienced in our 
American furnaces. The difference, in this regard, 
arises from the nature of the combustible employed, 
from the much larger mass on fire at once, and from 
the immense quantity of cinder or slag, which both 
the yield of the furnace and the peculiarities of 
the ore cause to be produced. An ordinary-sized 
stack furnishes about thirty tons of cinder per day. 

In some places the cinder, as formed, is directed 
to run into iron cars, which are brought close to the 
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furnace^ upon a small rail-road for that purpose. 
The cinder thus becomes moulded in blocks of great 
size, which are removed from the cars by means of 
a crane, whose block is fastened to a metal ring and 
staple, inserted in the mass while quite fluid, and 
afterwards broken out ; and are then sometimes used 
to build walls, instead of stone. Their main recom- 
mendation, in this respect, is that they are obtained 
without quarrying. Usually the masses which have 
been thus- removed, are broken up and applied to 
the repair of roads ; in which the material answers 
an excellent purpose. 

The pig-beds too, as part of the interior of a Cast- 
house, are, in contrast with those in the country, 
enormous: and in some works (as at Cyfarthfa) 
considerable ingenuity has been exercised, in their 
arrangement for non-interference. At the place just 
mentioned, it must be said that after all, one bed is 
in the open air. This will probably be shortly 
remedied. 

As to the repairs, or replacement, of the tuyeres 
and tymp, which have to be frequently executed 
during a campaign of five to seven years, the ave- 
rage duration of one blast throughout England, — 
they do not differ from the methods (much less 
frequently put in practice) in America, except in 
degree. If the access to the arch is at all con- 
venient, a new tuyere is set completely in two 
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hours. The Spotting in a breast' of fire-clay^ as 
an auxiliary to the tymp^ wings^ and dam-stone^ 
is an operation somewhat longer, because they are 
interfered with by the cinder. Finally, the replace- 
ment of the tymp, which is always preceded by 
placing the furnace in train, and diminishing the 
charge of mine and flux, can rarely be effected in 
less than two turns, or twenty-four hoQrs. 

It becomes often desirable to repair a portion of the 
inwalls near the charging-plate, — an operation much 
dreaded, because other artisans are required than the 
furiiace-men themselves, who always are competent 
and called on to execute the repairs before men- 
tioned« For this purpose, the furnace is made to 
carry less burden, for forty-eight hours before the in- 
tended commencement of the operation* The periods 
of the charges are much more remote than ordinary ; 
and thus the materials consumed, without replace- 
ment, sink to the proper level, where the repairs are 
to commence. I have never heard of a depth greater 
than nine feet: but presume this is by no means 
the utmost limit. Balls of fire-clay and common 
plastic clay mixed, are then thrown in upon the top 
of the materials to the depth of one foot and a half 
to two feet, — the blast is shut off, and the masons 
descend into the furnace, and execute the repairs 
with an expedition, that the great discomfort of their 
position much enhances. They will finish generally 
within the period of two turns, i. e. twenty-four 
hours. 
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Much caution has to be then used in suppt^itig 
the materials; as much of the clay as can be re- 
moved is lifted out^ and small charges^ in which the 
combustible predominates^ are at intervals i^upplted : 
the blast also must be mcreased gradually. The 
furnace may thus be brought into ordinary working 
train, in about thirty hours. 

The stoppage of the blast, for greatei* or less 
intervals, is very common in England. All Ae 
repairs I have mentioned, require its suppression; 
and other considerations have prompted its being 
taken off at some establishments for twelve hours 
on Sunday. Unfortunately the use made of this 
benevolent leisure by the men themselves, and the 
irregularity it produces in the traiii of the furnace, 
contribute to defeat the intention of this laudable 
arrangement, and to prevent its general adoption. 

A furnace may sometimes be tightened up to pre- 
vent access of air, and left without blast for a much 
longer period than has been just now referred to; 
and I have heard of an instance of a furnace thus 
stopped for fourteen days, — ^but returning, in fifty 
hours after the re-application of the blast, to her 
ordinary train. This is an extreme case, and per- 
haps the ordinary train was never very good : but 
generally it may be said, that the effect of or sup- 
pression of blast for three or four hours is, in a large 
furnace and well managed, not observable. 
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Sbg. 3. Ck>st of ConstmcHon and Permanence of Blast FumaceSf 

and their ^accessories. 

Haying presented^ in the preceding section^ such 
details as seemed to me of chief interest^ regarding 
the methods of construction and machinery em- 
ployed in Blast-furnaces^ I offer farther some state- 
ments as to the cost of said construction and ma- 
chinery, the prices of labor applied to carrying on 
an establishment, the resulting expense for the 
metal produced, etc. etc. 

The Stafibrdshire furnaces are, so far as I could 
get information, cheaper in their construction than 
in other parts of England. M. DufrSnoy gives 
164,725, as the number of bricks (fire-brick and 
others) required for one stack and lining ; but this 
is only for a small furnace, with boshes of twelve 
feet. For a large stack of fifty feet and upwards, 
and fourteen feet boshes, it takes 220,000 bricks : — 
or their place must be supplied with metal. Of this 
220,000— about 6000 will be fire-brick; moulded 
of different shapes and sizes to fit different portions 
of the hearth and lining. Such fire-bricks cost 
from 2^. 6(2. (60 eta.) to Ss. 6d. (84 cts.) a-piece. 

The cost of all the brickwork and materials, except 
the iron hoops and binders, M. DufrSnoy also states 
as being, for two stacks connected at the base, 
<£I800, or about $9000. The same remark as to 
the size, just now made, must also apply here. 
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Two years later than M. Dufrenoy, Dr. Ure 
has^ in 1839^ given the same statement — I presume 
upon the authority of the French observer, as to 
the Staffordshire furnaces: and he has also given 
a general estimate of the cost of erection of three 
Blast-furnaces and accessories ; which I subjoin here. 
Such a Table is difficult to be made out very accu- 
rately — ^both because a part of the expenses vary 
with the localities or are arbitrary, and because those 
who have made experience of the details are natu- 
rally indifferent, if not averse, to their being com- 
municated. So far as my inquiries were satisfac- 
torily answered, I have reason to affirm the general 
correctness of this statement: — although in some 
particulars it may be erroneous. 

EsHmaU of the aoerage cost of erecHng three BUut-fumacea. ^ 

Building £xpen8S8. 
Foundations: • . . . $2,400 

Masoniy of hewn stones : 3,000 

Common Bricklayets' work : 6,000 

Lining and Hearth, etc. (of fire-brick): . . 5,700 
Fire clay ; for fiUing th^ joints : .... 400 

Lime and Sand : 4,000 

Cast-Iaon 
Cast-iron pieces ; such as dam-plates, tymp« 

plates, sows, etc. about 72 Tons : . . 5,700 
Weouobt-Ieon. 
Binding-hoops, Keys, etc.; 15 Tons: . . • 1,500 

Amount carried over, $ 28,700 

1 For the coDvenience of even numben, I have rated, in the redaction of 
this eetifflate, the pound sterting at fine doUara of our currency. The three 
per cent, excess, above its actual value, will bring it near the troth. 
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Amount brought forward, .... $28,700 

Cost of Labok. 
MascHis and Laborers: 5,400 

Miscellaneous. 

Scaffolding: 840 

Tools: 800 

Cast-House or Shed : 3,400 

Cost of ground : 12,000 

ACCBSSOEISS. 

Blowing Machinery and 80 Horse Engine: 32,000 
Inclined Railway for mounting charges : . . 600 

Gallery for charging : 800 

Steam-Engine House : 2,000 

Chimneys, Boilers, etc.: 2,400 

Roasting-kilns: 2,400 

Coke-kihis: 4,000 

Dwellings for Workmen: 4,000 

Total Cost: $97,740 



This total gives for one furnace $32^580; but 
it must be borne in mind that the cost is lessened^ 
both in labor and materials^ by building several at 
the same time. Also it must be recollected that 
these expenses^ though stated here in American 
money^ would not be found^ in America^ to pro- 
duce the same practical result^ — but would differ 
more or less according to localities. 

Having before spoken of the repairs^ requisite 

about a furnace^ done by the furnace-hands^ I give 

here some statements shewing the number of men 

considered necessary at the principal establishments 

18 
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in Wales and Staffordshire; together with their 
respective compensations. 

The first is on the authority of M. Dufrenoy — 
as being actual^ at a well conducted establishment 
near Pontypool^ in the year 1823. This is given 
for comparison* 

Table of Wages in Wales in the year 1823. 



SMPLOTKBNT. 



Keeper; 



Waees per ton of 
Torge-pig. 



FiUer 



Cinder-filler: . . 
Limestone-breaker : 
Coker: .... 
Coke-hauler: . . 
Coke-filler: . . 
Mine-burner: 
Engineer: . • . 
Pig-weigher: . . 
Plate-layer: • . 
Bridge-stocker: . 
Box-filler: . . ' 
Repairs and toolB, etc. 



«. (2. 
10 

8 

8 
5 
1 3 
3i 

4i 

6J 
6 

6 
4 
2J 



D. cU. 
20 

16 

16 

10 

30 

7 

9 

• 11 

12 

4 

4 

12 

8 

6 



6 10 1 64 



For foundry-iton the keep- 
en get /» ct8. per ton. 

For foundrv-iron the fillers 
receive 24 cts. per ton. 

For foundiy4r(m the cin- 
der-filler receives 20 cts. 
per ton. 



Foundiy-iron; . $1 84 



Besides these^ there are some other workmen paid 
hy the month: such as 

Cinder^hauler: £3 10 per month. 

Limestone-hauler: .... 1 10 do. 

Watchmen: 3 10 do. 

Stickmen, and others vrhose 
employment is not named: 6 16 3 do. 



£16 6 3 
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This amount is equivalent^ on an average monthly 
yield of 240 tons^ to 1^. 3ld.y or 31 cents per ton. 

The following statement of wages, in 1839, was 
furnished me from an establishment in Staffordshire. 

Table of Wages in Stcfffordsfdre in the year 1839. 



SMPLOTMZITT. 



Keeper: .... 
FiUer: . . . . 
Limestone-breaker : 
Mine-barner : . • 
Bridge-itocker : . 
Coker: . . . . 
Engineer: . . . 
Cinder-filler: . . 
Pig- weigher : . . 
Blacksmith : . . 



WAGES. 



P«r ton 

of Metal 

made. 



22 
24 



Per 
Week. 



d. ctt. 

• • 

8*84 
8*84 

6 00 

7 



10 56 



Other- 
wise. 



et$. 

• * 

6 

• ■ 

2 



House-rent and firing free. 
Do. do. pays his own helper. 

On the ton of raw-ore delivered 

him. 
On the sack (k ton) of coke 

famished by him. 
Pays his own helpers. 

Pays bis own striker. 



The other laborers employed will average about 
2s. per day. The metal referred to in this table is 
all foundry; and a comparison of the two state- 
ments will shew the position of Staffordshire^ as 
regards the price of labor. Although this district 
has especially felt^ I believe^ the appreciation of 
wages^ which has been going on for five years past^ 
and may be considered as quite equivalent to one 
per cent, per annum for the last sixteen years^ — the 
wages of keepers and fillers are yet lower than they 
were in Wales in 1823. 

For the Welsh furnaces generally^ the following 
Table may be exhibited. The wages of the higher 
officers are rated upon three or more furnaces^ to 
be managed or supplied. 



1=4 
si's 



sllfi Hsii .. ^ 



6SS3 -S^S 



'M- 



Illliil^^^illllll 



B: 



lllllii 

Is 
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I presume the following statement will be found 
to represent the average of the number of hands^ 
employed about a single Blast-furnace^ throughout 
Wales: viz. 

Table sheuomg ihe Jfumher tf Persons^ and their daily Wages, 
requisite for carrying on a single Furnace in WaleSf in 1839. 



WHZUB EMPLOYED. 



Mine-kilDs: 

CoJdng-kDns : 

Hauling and filling (bone added) : 

Breaking limestone : .... 
Keepers: 

FiUers: | 

Cinder- fillers : 

Hauling and tipping cinder : . 

Engineer: i 

Pi^-weigber: 

Stickman: 

Laborers: 



PEB80N8 EMPLOYED, 



Men. 



1 

2 



2 
2 

2 
1 
1 

1 
1 
4 



18 



Boys or Olrlt. 



2 

... 
8 

• * • 
1 

2 

• • • 

• • • 

2 

* • * 



... 



16 



WAGES PER DAY. 



£. 8. d. 



2 
2 

4 
8 
6 



8 



8 
10 

1 8 
12 

12 
1 
8 

2 9 

8 6 
I 

2 9 
2 6 

9 4 



S 19 6 



Dolt. eta. 



66 

48 

1 12 

1 92 

1 26 
20 
40 

2 88 
2 88 

24 

1 92 
66 
84 
24 
66 
5S 

2 24 



19 08 



This is very nearly 8 shillings or $1.92 per ton^ 
supposing the weekly yield to be 70 tons. It is 
exclusive of all charge for superintendence^ wear 
and tear^ and extra-labor in repairs^ etc. 

Compared with the force usually employed about 
the charcoal-furnaces in this country^ the number of 
persons given above is large : nevertheless from the 
lowness of their wages combined with the greater 
product of the furnace, this item in the manufacture 
is much cheaper in England than I have ever known 
it in America* 
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Sec. 3» Cf the Materials tued in Blast-fkimacea, their methods of 
Extraction and Preparation, and their Cost. 

The character, quantities, and prices of the diffe- 
rent materials form an object of importance to be* 
next observed. Upon this subject, several statements 
of other observers have been already made ; in par- 
ticular, those of MM. Dufrenoy, Beaumont, Coste, 
and Perdonnet, deserve to be mentioned. But it 
may be remarked, that the same difficulty, which 
was before mentioned as in the way of obtaining an 
accurate account of the expense of building even one 
establishment, holds here; and is even enhanced in 
the fact, that the books are hardly in any one place 
so rigidly kept as to present a precise detaU of all 
the operations. For the proportions of some of the 
different substances, it is true, the average, through 
a long period, of the not very delicate methods of 
measurement, may be sufficient to give a tolerably 
correct view ; but the number and wages and modes 
of payment of the working hands are so different in 
every establishment, as to render items under that 
head not much more than approximations ; and any 
average of those items, it would be hardly fair to 
take. I shall nevertheless take occasion to give one 
or two statements in this regard also : which may be 
considered to be as authentic as the nature of the 
case allows. But it will be first desirable to present 
some considerations, as to the character and modes 
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of preparation of the different substances employed 
in the primitive manufacture of iron. 

The richness of the ore of Wales has been already 
said to be about 33 per cent, of metallic iron^ — that 
of Staffordshire only 30 per cent.; and the mean of 
Dr. Colquhoun's analyses give 32| for the Scotch 
ores. All these. ores are the same lithold carbonate 
of iron ; and its average constitution in the different 
districts being nearly the same, the proportions of 
Mine to metal produced may be considered as quite 
uniform^ — ^viz : about three tons of raw mine^ to pro- 
duce one ton of iron of average quality. But the 
price varies^ in Wales^ from 7 shillings to 14 shillings 
per ton; in Staffordshire from 4 shillings to 12 shil- 
lings per ton^ added to which must be the very 
general use of the Lancashire and Cumberland 
haematites^ which cost (carriage included) from 20 
shillings to 25 shillings per ton ; and in Scotlandi it 
is between 41 shillings and 6 shillings per ton. 

The extraction of ore in Wales may be said to 
be universally by drifts. There are however some 
shafts; though of no great depth. In Scotland, at 
least in the Glasgow measures^ the depth of the 
shafts (by which it is entirely worked) varies^ ac« 
cording to the locality^ from 200 to 500 feet. 

In Staffordshire, the workable beds occur both 
above and below the main or ten-yard coal, as it is 
called^ which is situate about 350 feet below the 
surface. In some places, nodules are extracted at a 
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depth of about 130 feet; but generally the first 
workable bed is found from 190 to 200 feet beneath 
the surface. A second is worked at a depth of 250 
feet; and a third lies immediately beneath the main- 
coal. These depths are in the neighbourhood of 
Dudley. They will of course vary in other localities 
in the same fields on account of the dip and distur- 
bances of the strata. Thus^ near Bilston^ the main 
or ten-yard coal is reached at a depth of 140 feet^ 
instead of 350^ as near Dudley. 

The association of the ores with other substances 
more or less difficult to remove^ will make of course 
a variation^ according to circumstances^ in the quan- 
tity which a workman can extract in a day. But 
a fair average^ I think^ may be taken throughout 
England and Wales^ by estimating each miner at 
200 tons per annum. The usual allowance in Wales 
is a half-ton per day on all the miners and mine- 
labourers, for the year round. 

The roasting is an operation essentially necessary 
to be performed with all these ores ; except that the 
small quantity of Lancashire ore is added in its 
crude state. The expense of this process varies 
according to whether the open air is the place of 
roasting in heaps, or whether small furnaces are 
erected to receive it. The former is the most usual 
in Staffordshire, the latter in Wales. The expense 
of roasting in clamps is hardly more than the coal 
which is consumed. This coal is laid down in large 
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pieces at the bottom^ in a sort of flue arrangement^ 
and allowed to project a considerable distance be- 
yond what is to be the surface of the clamp ; — the 
mine is then stratified with slack and small coal ; and 
the coal at the bottom set fire to^ in the direction of 
the prevailing wind. The clamps are generally 
about ten feet wide^ twenty or thirty in lengthy and 
ten feet high ; but they often surpass these dimen- 
sions^ and within certain limits^ there is reason to 
believe that an economy is found in the large dimen- 
sions of the piles. It takes usually in Stafifordshire 
one-fijth, by weighty of alack coal to roaet a given 
quantity of ore : if large coal is used^ the proportion 
is one-eighth^ and according to the strength of the 
coal^ and the proportion of coaly matter in the mine 
itself^ it may be still less; thus at the Lonaeoning 
works in Maryland^ where the same methods are 
pursued, the common proportion for small clamps is 
one-ten&, and for Is^ge ones, descends even to 
one-twentieth. The quantity used in the Welch 
roasting kilns does not exceed one-twentieth, and 
sometimes is one-thirtieth only; it is therefore, 
without estimating the interest in the erection of 
the kilns, cheaper. It is also cheaper, in that the 
ore ie never fused in a kiln, as it is not unfrequeatfy 
in a damp. After the vitrification has taken place, 
the ore is as difficult to treat as if its water had been 
left in it. 
The loss of weight, manifested in the ttine by 
19 
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this process^ is from 25 to 40 per cent. I have 
even been told of 45 per cent, loss^ in the case of 
some particular beds; in whose constitution was 
present, a larger proportion than ordinary of car- 
bonic acid and water. 

The flux universally used is limestone; — except 
in one or two establishments in Northumberland 
and Durham, where they employ chalk, as I am 
informed, in proportion nearly or quite similar to 
those of limestone. This proportion is, in almost 
every case, by weight one-third, — ^by volume one- 
half of the raw mine. Occasionally, to alter the 
quality of iron or the train of the furnace, a greater 
proportion is employed. 

In Staffordshire, they work the immense calca- 
reous deposites round about Dudley Castle. These 
appear to wrap round Dudley Castle Hill, and 
another hill, about two miles distant, caUed the 
Wren's Nest. They occur in two beds,— one ten 
yards, the other about fourteen yards thick ; which 
beds are separated by measures, from thirty to for^ 
yards in thickness, of calcareous matter and shale^ 
containing many fossil shells, and especially, quan- 
tities of trilobites, some of them of great size. From 
the highly inclined position of the limestone strata, 
it has been worked at several different levels; in 
particular, a branch of the Birmingham Canal now 
passes almost under Dudley Castle, through an 
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old working. More recently, they have seen the 
advantage of more systematic mining; and now, 
most of the limestone is brought to light by means 
of shafts. Two such shafts, 330 to 350 feet deep, 
are worked by the same engine, in what was for- 
merly the pleasure-ground of Dudley Castle. Por- 
tions of the limestone are magnesian, as appears 
from the structure, and as some of the iron-masters 
have practically discovered; so far however as I 
could judge from my own examinations, this cha- 
racteristic belonged only to the imperfect beds be- 
tween the main measures. The average cost of 
the limestone is about 9 shillings per ton. From 
the old workings, it may be still had for 6 shillings. 

The limestone used in South Wales is taken from 
the calcareous deposites, underlaying the coal-mea- 
sures. This forms part of what the English Geolo- 
gists have called the upper transition limestone, as 
the beds about Dudley do of the lower transition. 
It occurs in beds from two to eight feet thick ; but 
the entire measures, or assemblage of these beds, 
are of great depth. Its cost of extraction is U 
shillings to 4 shillings per ton. There also occurs 
here beds of magnesian limestone. 

In Derbyshire, there appears to be a smaller quan- 
tity of lime used than in the other districts; — the 
proportion, to that of the ore, being f^^ instead of i%. 
That used at the Butterly Works has a fetid odour. 
The cost is small for extraction, but I regret to have 
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mislaid an exact memorandum^ made at the time of 
my visit. 

As to the patents^ which have been taken oat 
since the last twelve years^ for mixing other alkaline 
materials as fluxes (such as salt, potash, etc.) they 
do not appear to have met with practical success. 
It is very possible^ that in strict theory applied to 
special cases^ such additions might be expected to 
be useful ; — in the operation of refining with char'- 
coal, there is hardly any doubt but that the potash 
exercises an influence in bettering the quality of the 
metal : but for the blast-furnaces^ the disappearance 
of the small quantities of such chemical fluxes^ in 
proportion to the vast mass of matters simulta- 
neously acted on^ and the additional trouble and 
expense attending their use^ have been sulSicient 
to forbid their adoption. 

In regard to another material^ universally used 
throughout Great Britain^ in the manufacture of 
iron^ — the coal, it will be sufficient for our present 
purpose to present a few memoranda as to the 
varieties in its constitution^ cost of extraction^ and 
the proportions in which it is practically applied. 
For any thing farther on this subject^ the reader is 
referred to Mr. Holland's History and Description 
of Fossil Fuel^ etc.; where may be found a full and 
interesting account of the coal formation throughout 
England and Wales; including^ under this general 
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name^ all the specialties which are regarded in the 
terms^ coal measures^ coal fields, and coal basins; 
the first of which is generally applied^ in view of the 
order of succession^ thickness^ and other circum- 
stances of interest in the economy of mining: the 
second to the surface^ extent^ and relations of the 
districts in which the coal is found^ which pertains 
more to political economy: and the third is more 
proper in considerations derived from the inclina- 
tion^ curvature^ and other geological incidents of the 
coal strata. Our object being solely a metallurgic 
view^ I shall present first some tables of analyses^ 
which will aid in any classification for the purposes 
of the iron-master^ — omitting in those tables the 
details of the ultimate elements of the material^ 
whose chief interest is for the chemical philosopher. 

Table I. Cf the consUMion of European Coals employed in 
Metalkargic operations; and which may be called Fat Cools. 





Anzia. 

1 


Balayn. 
2 


LaMaUe 
8 


Alait. 
4 


Rlvede 
Oier. 

6 


Door* 
6 


Carbon: 

Aahes, etc: v . . . . 
Volatile Matter: . . . 


71.6 
8.6 
26. 


68.6 
8.1 

88.4 


60.6 

7. 

42.4 


68. 

10.4 

21.6 


66.6 

2. 

81.6 


71.6 

6.2 

28.8 




100. 


100. 


100. 


100. 


100. 


100. 


Specific Grayity : . . . 


1.284 


. • 


• • 


. • 


1.280 


1.270 




Wlgan. 
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Glamor- 
ganiblre. 

8, 


New- 
euUe. 
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Do. 
10 


Do. 
11 


StallM- 
■bire. 

12 


Carbon: 

AflueSf exc: • . * . . 
Volatile matter: . . . 


62.8 
8.4 
44. 


77.7 

2.7 

19.6 


76. 

6.4 
18.6 


60.5 

4. 
86.6 


67.6 
2.6 
80. 


62.4 

8.6 

84.1 




100. 


100. 


100. 


100. 


100. 


100. 


Specific Grayity: . . . 


1.277 


1.810 


1.840 
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Analysis of Fat Coals : 

Nos. 1 — 6 are from France, and their composi- 
tion determined by M. Berthier. No. 1 has been 
inserted because, in spite of its theoretically excellent 
constitution, it is found to be of inferior usefulness 
for smelting. Nos. 2 and 3, besides their metallurgic 
value, furnish about 12 per cent, of gas. 

No. 4 is from the mine of Rochebelle near Alais 
(Oard.) This furnishes, on the large scale, 65 to 
60 per cent, of coke, of excellent quality. No. 6, 
from the mine of Grande-Croix, near Rive de Gier 
(Loire) also produces a superior coke. 

No. 6 is from the neighbourhood of Mons in the 
Netherlands ; antl furnishes coke of superior quality. 

No. 7 is the canneUcoal of Lancashire — so called, 
says Dr. Thomson, from the brilliant candle-like 
flame, which it gives out. Dr. Ure has given an 
analysis of another specimen, from the neighbour- 
hood of Glasgow, which differs considerably from 
this. He makes it 

Carbon: 72.22 

Volatile matter: • • 27.78 

100. 

The volatile matter he ascertained to consist of. 

Oxygen: .... 21.05 
Hydrogen: .... 3.93 
Nitrogen: .... 2.80 

27.78 

The proportion of ashes he has not stated. 
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No. 8 is only stated to have come from GrlaiDor- 
ganshire. It is probably from some of the lower 
beds. The cinders are perfectly white ; au indica- 
tion of freedom from pyrites. 

No. 9 is from Newcastle; but I hardly know 
that it is actually employed in any smelting estab- 
lishment. It is given more as characteristic. Its 
ashes are white^ and contain 30 per cent, of lime. 

Nos. 10 and 11 are specimens collected by M. 
Dufrenoy ; the first from the Birtly Iron-works^ 
near Newcastle, — the second from the Tyne Iron- 
works. No. 12 is likewise by M. Dufrenoy^ from 
the Apedale Works, near Newcastle-under-Lyne in 
Staflfordshire. These three last are proved to be 
incapable of application to the manufacture of iron^ 
unless previously coked. 

All the analyses of this table were made by M . 
Berthier. 

Analysis of Dry coals : 

No. I, from the Dowlais Works^ is remarkable for 
^ being composed of two distinct portions, — one bril- 
liant and separating in small cubes ; the other duU, 
with a conchoidal fracture, and analogous to the 
cannel-coal :' these two kinds are not mixed in the 
mass, but form separate layers. 

No. 2, from Cyfarthfa, exhibits the same difference 
in its component parts ; but another arrangement, — 
the bright and dull portions being irregularly mixed. 
The dull portion seems to approach the nature of 
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anthracite ; and it ie 9aid tbat^ from the obaervation 
of this at Cyfarthfe^ the hope was oooeeived of the 
successful emplayinent of the culmy near Swansea. 

Na 3 is in structure approaching the Cyfarthia ; 
only^ the two portions are not so intimately mixed. 
All these three kinds admit of being used rate with 
cold blast. 

In regard to Nos. 4 — 9^ no other remark is neces- 
sary, except that they are only capable of being ased 
raw when the hat-Mast is employed. 

No. 10^ II, and 12^ are of the nature of anthra- 
cites. No. 12 is in fact the eulm^ which is em- 
ployed in part, at the Yniscedwin Works of Mr. 
Crane near Swansea; and in which much interest 
has been felt by the Pennsylvania iron-masters. 

Dry coals in Maryland : 

No. 1^-4 are from the analysis of Mr. Tyson^ of 
the ^oals used at the Lonaconing Iron-works in this 
state. No. 4 is of a large bed^ fourteen feet thick ; 
and in its physical character^ strongly resembles the 
Dowbis coal just mentioned^ — cbemicaUy^ it more 
resembles the Pen-y-darran coal. All these coals 
are used raw with hotj or cold blast. 

No. 5 is furnished from a mine near Frostburg. 
The analysis is by Professor Daniell. 

No. fiy from the same neighbourhood^ is the ana- 
lysis of Dr. Ure. 

No. 7t from the same region^ was analysed by Mr. 
David Mnsfaet, 
20 



^ 
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Nos. 8 and 9 are from Professor Silliman's report 
before quoted^ page 108. No. 8 was taken from 
the so-called Hoffman mine^ near Frostburg. The 
earthy matters in the ashes were found to be in 
these proportions : viz. 

Peroxide of iron: 1-33 

Silica: 1. 

Alumina: .......... ^33 

Lime, and a trace of Magnesia: . . .33 

S.99 

No. 9 is from a three-feet bed^ on Mr. HowelPs 
estate. Some of the component parts of the ashes 
appear to have been in the following proportions: 

Peroxide of iron : 1.43 

Silica: 2.05 

Alumina: 1.42 

lime, and a trace of Magnesia : . . 1.42 

No. 10 is Professor Ren wick's analysis of a speci- 

men from the same bed. 

No. 1 1 is an analysis^ by Professor Silliman^ of a 
specimen from the upper part of the same bed. I 
have never seen the locality ; but the coal probably 
resembles physically the Dowlais and Lonaconing 
coals. The seam is said to be about two inches 
thick. It is a semi-anthracite ; the hitherto-denomi- 
nated cannel-coals containing a notable proportion of 
volatile matter^ as may be seen in the No. 7 of table 
L^ which is taken from Wigan. Also Dr. Thomson 
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gives another analysis of cannel^coal from the Lan- 
cashire basin^ as follows: 

Caibon: 64.72 

{Hydrogen: . . 21.56^ 
Oxygen : . . . 0.00 ^ 35.28 
Aiote: . . . 18.T2J 

100. 



And M. Karsten separates the constituents of can* 
nel-coal^ from Kilkenny in Ireland (where there are 
true anthracites also) as follows : 

Caibon: 74,47 

Ashes: .50 

Volatile matter: . . 25.01 



QQQQ 



No. 12^ which an analysis^ by Mr. Vanuxem^ of 
Lehigh coal^ and No. 13^ by M. Berthier^ of coal 
from the same region^ are given to conclude the 
series of dry coals : — which^ commencing at a point 
in chemical constitution^ where the oxygen predomi- 
nates over the hydrogen among the volatile mat- 
ters, and mechanically, when the coal first ceases to 
cake in burning, terminates in pure anthracite. I 
do not, of course, know if these coals have been ever 
employed in metallurgy; but Igive them as repre- 
sentatives of the probable elements of the anthracite, 
which has lately, with success, been employed in the 
reduction of iron ores, near Pottsville in Pennsyl- 
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vania^ bnd of whoite mor6 precitse ooiistitcition I 
am not aware. 

In regard to the applicability of difierent coals to 
the blast furnace^ I have already distinguished^ in 
the notes to the tables just given^ such as are used 
raw^ and those that require coking. From an in- 
spection of their respective constitutions^ the con- 
clusion of M. Dufrilnoy seems warranted^ that: 

1^. The coal employed raw in blast-furnaces, with 
cold blast^ must be dry, and highly charged with 
carbon : 

2^« Coal, which has a notable proportion of bitu- 
men, may yet, if of the dry kind, be employed raw, 
but only with hot blast : and 

3^. Fat, caking coal, and such as alters its shape 
and volume to any considerable extent by the appli- 
cation of keat, is incapable of being applied raw^ 
under any temperature of blast hitherto produced. 

Such is the importance oftokingy in the respective 
kinds of coal. In its nature, this process is generally 
the driving off, or evaporizing, the greatest part of 
(the volatile matters, along with which go also, in 
greater or less degree, the impurities which are 
associated with the eo£d. Its precise effect will be 
best shewn by the following table; which exhibits 
the analysis of several kinds of coke, prepared in 
different places in France on a large scale, for the 
use of biast furnaces. 
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JInatytu of Coke, prtpared on a large teak for Bhst-jwnaea. 





La 
Gam. 

1 


Bei- 
Mfei. 

2 


La 

Traatl. 

8 


Rlye 
daGlar. 

4 


Durban. 
5 


Mont- 
martra. 

6 


Laxem- 
boorg. 

7 


MSAX. 
8 


Carbon: . . . 
Volatile matten : 


85.8 

11.5 

2.7 


82.4 

18.8 

8.8 


82. 

15. 

8. 


75. 
21.5 
8.5 


71.5 

28.6 

5. 


64. 
28. 

8. 


60. 
28. 
18. 


74.2 

19.6 

6.8 




100. 


100. 


100. 


100. 1 100. 


100. 


100. 


100. 



These analyses are made by M. Berthier ; and the 
last column has been added, because it will be found 
to represent very nearly the average constitution of 
cokes prepared in quantity. 

No. 4 ' is a coke from the coal of Rive de Oier, 
used in the iron-works of Lavoulte, in France. The 
analysis of the coal itself; from the same mine, is 
given under No. 5 of table I. on page 149. Also 
M. Landrin has given an analysis of the ashes of the 
same coal, as follows: 

Water, oil, gas : . .41. 
Caiboa: .... 52. 
Oxide of iron : • • S.2 
SUica: 1.5 

96.7 



These statements, taken in connexion, would ena- 
ble us to trace the useful affinities of the carbon and 
other elements, through the different states of the 
combustible. A number of such analyses, carefully 
made, would without doubt aid in filling up several 
points^ which are still undetermined, or not ac« 
counted for, in the Theory of blast furnaces. 
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Besides the inferences that flow from the preced- 
ing, tabular statements and remarks^ the following 
generalities on the nature and employment of coal, 
coked and uncoked, appear to me to be warranted 
by the experience of the English iron-works. 

The calorific power, or heating effect of coke and 
coal, may be considered generally as equal to that 
of charcoal, which is itself in this regard about twice 
as efficient as wood: but the metallurgic effect, 
which is different from their absolute heating power 
(owing to the fact that coke, from its refractory 
nature, requires an excess of air, and therefore in 
the furnace burns to waste) may be stated, for the 
four substances as follows: 

Equal volumes :-* Coal : 

Equal weights:— do. 

Equal volumes :-— Coke : 

Equal weights :— do. 

These proportions are, in fact, subject to conside- 
rable variations; both from the quality of the coal 
itself, and also from the methods and care taken in 
the coking. Thus : 

At Plymouth, 6 tons coal yield 5 tons coke; or 83 per cent. 
Pen-y-darran, 6720 lbs. do. 5400 lbs. do. or 80 per cent 
Dowlais, 720 lbs. do. 475 lbs. do. or 66 per cent 

But at the last mentioned locality, they devote but 
little care to the operation; otherwise the product 
would be more in accordance with the theoretical 
result, which, according to table II. p. 150, is about 
82 per cent. 



Wood 


5:1. 


, do. : : 


16 : 8. 


Charcoal : ; 


8:1. 


do. : : 


10 : 17. 
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Mi Elarsten has given large and elaborate tables 
of the results of experiments; on small quantities of 
different kinds of coal. A short abstract may not be 
without interest. 

Tabk shewing the qucmiiiy of Coke produced from different kinds 

of Coal m Europe. 



LOCALITY. 



SilMia: 
« HultichiOy 
** CzemitZy 

Eflchweilar, 

Westpbilia, 

Newcastle, 



SUeflia: 

Reine Looise, 
Carofine, 
Westphalia: 
** Hamburg, 
'* Lonise, 
Mods, 






Silesia: 

Laura, 
Theodora^ 

Kilkenny, 






Westphalia, 
Baidenberg, 



CT^ASfl 


Spoeiflc 


Coke 




Graylty 


per 100. 


Faicoal, 


1.296 


69.8 


do. 


1.316 


86.9 


do. 


1.862 


68.6 


do. 


1.296 


88. 


do. 


1.287 


82.9 


do. 


1.266 


6^.6 


Short coal. 


1.880 


70.2 


(Houille maigre,) 


1.882 


88.4 


do. 


1.280 


61.6 


do. 


1.819 


88.6 


do. 


14128 


89.1 


do. 


1.292 


72.8 


do. 


14106 


88. 


Dry coal. 


1.824 


64.1 


do. 


1.804 


70. 


do. 


1.294 


68.6 


do. 


1.428 


69.8 


jSnikraciU, 


1.858 


92.4 


do. 


1.886 


94.9 



Mean of 7 experiments. 
Mazimom of 7 do. 
Minimum of 7 do. 
Mean of 8 do. 

Mean of 8 do. 



Mean of 9 do. 

Maximum of 9 do. 

Minimum of 9 do. 

Mean of 4 do. 

Maximum of 4 do. 

Minimum of 4 do. 



Mean of 8 do. 

Maximum of 8 do. 
Minimum of 8 do. 



Mean of 8 
Mean of 4 



do. 
do. 



Farther^ the loss of weight in the carbonization 
of wood is^ according to the experiments of Proust^ 
Mushet; and Scopoli^ from 75 to 80 per cent. MM. 
Allen and Pepys make it even 82 and 85 per cent, 
for some kinds of wood. The same loss in coal is 
from 25 to 40 per cent. 

The radiating effect of coal and coke^ M. Peclet 
considers as greater than that of wood : but in prac- 
tice^ the ashes of the coke^ which are very refrac- 
tory^ require a higher temperature^ and of course 
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the consumption of more of their associated carbon^ 
Tor their fusion^ than the ashes of wood. 

The absolute calorific effect of coke is greater 
than that of any other substance ; when sufficiently 
favoured by circumstances^ such as large quantity 
and free access of air. It raises the temperature of 
an assay-furnace 10^ p. higher than any other com- 
bustible. 

These effects may probably be traced to its supe- 
rior density ; nearly proportionate to whicfa^ are the 
effects of coke of various specific gravities. 

The specific gravity of good coke should be about 
that of water ; it not unfrequently surpasses it. 

For particular purposes^ a light coke is sometimes 
the best; as where an extreme temperature is not 
required. The whole consumption of the combusti- 
ble will be found^ at the end of such an operation^ 
less than if a more dense article, requiring more 
rapid combustion, had been used. But for high- 
furnaces (and this holds good^ more and more in 
proportion to the greater heights of the furnaces, 
from the friability of light cokes under pressure) a 
dense hard coke — which has not suffered much 
change of shape, whose colour is an iron-grey or 
perhaps more nearly that of graphite, and whose 
lustre is more silky than semi-metallic, — ^is likely to 
be the best. 

The aptitude of different coals for making good 
coke, seems to depend upon their chemical constitu- 
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lutioD ; which is nevertheless recognizable^ to a cer* 
tain extent^ in the phydcal character. Thus, if the 
proper degree of fusibility (or disposition to cake) 
depends upon the prop(»rtions of oxygen and hydro* 
gen^ and supposing that hydrogen communicates this 
fusibility (all which is warranted by the analyses), — 
then it appears that great lustre, but deficient hard- 
ness and elasticity, manifest the presence of this ele* 
ment: on the contrary, great lustre, aa intensely 
bbck color, and much hardness, indicate the pred(H 
minance of oxygen, associated with a large propor^ 
tion of carbon. In general the lustre and color 
seem to belong more to the carbon; and the me- 
chanical accidents, hardness, elasticity, etc, to the 
other bases* 

Two methods are pursued in Great Britain for 
coking the coal; — the one in clamps in the open 
air, like those before mentioned under the head of 
ore-roasting ; the other in ovens, constructed for the 
purpose, of various shapes, dimensions, and energies. 

In Staffordshire, the first method is universal; and 
to the great care which is taken in thkt district, may 
be ascribed, in part, the acknowledged superiority 
of then: famdry iron. The ground immediately 
around the furnace-stack is covered with low, 
looselyrbuilt chimneys ; around which the coals are 
piled in heaps somewhat conical — generally fifteen 
feet in diameter, and four feet high. Large coal is 
21 
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laid at the bottom^ — the smaller coals (to be coked) 
above; the fire is introduced by means of the chim- 
ney^ and once started^ the access of air is regulated 
by a covering of slack coal and coal ashes. Such a 
clamp^ of which there will be thirty or forty in the 
same groupe^ contains from 12 to 15 tons; the cokes 
cism be drawn in about a* week ; and the average 
yield is not found above 60 per cent. The process 
is under the management of a person, who is aided 
by one helper (or at most one man and one boy- 
helper) and who receives 4d. (8 cents) per ton of 
coke made. 

The cost of 1 ton of coke may then be made out 
thus: 

1^ tons of coal at 7 shillings : . . I0«. 6d. 
iV '' of slack at 3 shillings : . . 3| 

Labor: 4 



lU. ly. 

or about ^2.67 of American currency. 

The cost of the bricks^ etc. for the chimneys^ is 
too minute to be separated^ and is allowed for in the 
cost of the slack coal. 

It should be remarked^ that the Staffordshire iron- 
masters very rarely have any interest or concern in 
working the coal themselves : but purchase it from 
other proprietors or lessees. In Wales^ on the con- 
trary^ the coal is almost always worked by the hands 
of the establishment. 
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In Wales^ and Scotland^ both of the methods 
spoken of are applied; only the details. of the ar- 
rangement are not the same as those in Staffordshire. 
In Wales^ instead of a conical heap^ they make an 
oblong pile thirty-five or forty feet long^ six or eight 
feet wide at the base^ and four feet high^ Some*- 
times^ there are chimneys built in it : but often the 
draft is left to be produced by the arrangement of 
the lumps of coal. The pile^ containing about thirty 
tons of coal^ is fired in three or four places ; and the 
operation is terminated in three or four days^ in the 
neighbourhood of Merthyr. The different qualities 
of the coal of the Glamorgan basin in the two extre- 
mities^ east and west; make a great difference also in 
their application to and result in coking. At the 
Yarteg Works for instance^ in Monmouthshire, the 
coal is of that class, which may be denominated faX 
coal; while at Merthyr, it is dry : further west, near 
Swansea, it is anthracUic^ and what is found in 
Pembrokeshire is like our Pennsylvania anthracite. 
The product in coke, however, taking an average 
of the bituminous coals, I should think would be not 
less than 75 per cent. 

The same methods which are here described, I 
have seen used at the Lonaconing Iron-works in 
this State.' The yield of coke (which has been 
entirely made from the bed whose constitution is 
given under No. 4, table III.) is about 76 per cent; 
and under favourable circumstances, the operation is 
concluded in four or five days. 
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tn Scotland^ tbey in part use the Staffordstiire 
methods^ and in part^ ovens ; the loss of weight k 
about 50 per cent.; and a clamp of twenty tons wiH 
be drawn oh the eighth and ninth day. But the 
very general employment of hot-blast^ with which 
the Scottish coals are applicable in their raiv state^ 
has contributed much to diminish the amount of 
coking done. 

The average cost of coke^ made in this manner^ 
may thus be stated for the districts mentioned: 

$. d. 

Scotland: Glasgow; 2 tons coal: > « . 9 

tV " slack 1. . . IJ 
Labor: • . * . . 4} 

' Doff. Ob. 

Cost of 1 ton of coke : . 9 6| or 2 27^ 

fingland: Stafibrdshire ; as before: . . . . 11 I| or 2 67 

Wales: Merthyr; H tons coal: . . 5 4 

A " slack: . . 0} 
Labor: 1| 

5 6i or 1 324 

Maryland: Lonaconing; 1.3 tons coal: . . 65 Cb. 

^ " slack: . . 01} 
Labor and carnage : 22} — ^-^ 89 

I The price of coal is |mt down at 4i shillings per ton; which includes the 
cost of transportation. The actual working prices are, as I have been itt'> 
formedyas follow: 

s.d. 
Main coal : 6 feet thick, . . lOd. to 1 per ton. 

Ell'coal : 8 do 1 3 do. 

Piedahaw: 8| do 1 8 do. 

Splint: 4 do 1 2 do. 
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The employment of ovens is considered more 
economical^ in regard to the proportion of coke 
made^ and it is probable also in the quality, — the 
oyen-coke being somewhat more dense and hard 
than the clamp-coke. No particular, or even prin- 
cipal, plan seems to hare been adopted in Wales, bb 
to the shape of the oven ; the only thing of impor- 
tance being to obtain, by means of properly secured 
apertures, ' such a control over the draft, as to in- 
crease or diminish it at pleasure, to apply it at any 
required point, or finally to exclude it altogether for 
a season. 

I regret that I cannot present here an authentic 
account of the expenses and product from any estab- 
lishment using ovens ; whose result would admit of 
being compared, in product and cost, with those of a 
similar coal, coked in the open air. At an establish- 
ment in France (Le Creusot), where the product of 
coke by weight is 49 per cent, of the coal employed, 
the cost of 1000 kilogrammes (which may be taken 
as 1 ton) of coke is stated as follows : 

Coal: 12/. 63t. 

Hauling: .... 92 

Labor: .... 1 78 
Interest on construction : 41 



16/. 64c. or 83.14. of our money. 

• A perfect closure of the apertures is of much econom j. By the substitu- 
tion of cast'tion shutteis sUiUng in grooves, for others which simply closed on 
binges, the product from the same coal has been practically found, at Decaze^ 
ville, to be 49 per cent, instead of 40 per cent, which it was before. 
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Tbib is much dearer than the cost given above for 
English and American furnaces. 

In conclusion^ it may be said that : 

1^. The oven-coke can be made from slack^ and 
otherwise cheaper or useless coals: the clamps 
require coal of size. 

2^. The product has been found> from ovens, 
about 10 per cent, more, at the same establishment, 
using the same coals. 

3^ The yield is more uniform from ovens; and 
not subject to those large discounts, which have 
sometimes to be suffered in the use of clamps, from 
their accidentally firing and being consumed entirely, 
during a high wind. It is not uncommon, in Wales, 
thus to lose 50 or 100 tons in one afternoon or 
night. 

4^. The skill required in the management of ovens 
is more costly, or at least more difficult to be pro* 
cured, than that requisite for clamps ; and the labor 
of drawing greater: at least, in Great Britain and 
America. 

5^. The quality of the coke made in ovens should 
be, in theory, better, because it is more dense and 
hard; but in practice, the coke of the open air is 
hevertheless preferred by furnace-managers. This 
preference is probably founded on the fact of coal of 
worse quality being generally employed in ovens, 
and also from the sulphur and other impurities being, 
in some cases, more readily and completely evapo- 
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rized, from exposure of a greater surface^ in air. 
The few chemical analyses however^ which have 
been made^ do not tend to confirm this last hypo- 
thesis. 

6^. Finally^ it is probable that the preference of 
one or the other mode should be justified by the 
nature of the coal^ — ^there being some coals^ which 
will not coke at all^ otherwise than in the open air. 

Another material^ of great importance in the 
manufacture of iron, is the air^ which is injected 
into the furnace. The considerations attached to 
this particular, however, belong to the next chapter ; 
where I propose to discuss some of the principal 
chemical phenomena of blast-furnaces. It may be 
stated here, that the air should be as dry as possible ; 
and that the average constitution of the different 
minerals used in the furnace, requires for combustion, 
cementation, and fusion, an atmosphere somewhat 
more dense than the ordinary air we breathe. This 
excess of density will be, at a mean, equivalent to 3 
inches of mercury, or 1 i pounds. 

The whole quantity of air (by weight) admitted 
into the furnace, in any given time, say a day, is 
enormous; being nearly three times the weight of 
all the other materials together. Thus, in a furnace 
making 9 tons of iron per day, the weight of all 
the mineral materials charged in that time will be 
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about 61 tons: the weight of the air^ will be in the 
same time (at 8500 cubic feet per minute) 171 tons: 
It takes therefore nineteen tons of air for one ton of 
iron. The cost of applying this^ is the quotient of 
the annual charges for wear and tear of machinery^ 
attendance^ and fuel^ divided by the number of tons 
made in the same period. In the usual accounts^ 
this is included in the charge for interest and labor. 

As a conclusion to these generalities^ which it 
seemed necessary to preface in regard to the means 
applied in coke furnaces^ I subjoin here a columnar 
statement of the average quantities and cost of the 
different materials^ and of the labor^ necessary about 
one ton of iron. This average has been deduced 
from the working of twenty-three furnaces in Wales^ 
Staffordshire^ and Scotland; which I either visited 
myself^ or derived the information from unexception- 
able sources; — for the hot-blast workings in Scotland 
I have taken the statement of M. Dufrenoy^ pub- 
lished in 1837. Of these twenty-three furnaces^ ten 
were making forge-pig^ and the remainder foundry 
iron : and only three were using the hot-blast. 

I have preferred to exhibit this average^ rather the 
details from which I have deduced it^ because it 
accords more with the general feeling^ which I have 
found^ among the Iron-workers^ of aversion to hav- 

> The wei^t of 100 cuUc inches of atnMMpheric air, at 00^ f . and t$ 
inches of the barometer, may be taken at 31 grains, very nearly ; hence a 
cubic foot may be estimated at 0.0765 pounds avoirdupois. 
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ing what they consider their private affiiirs^ laid 
before the public ; though I bear cheerful testimony 
to the uniform politeness and accessibility^ which 
were extended to me, both in England and America^ 
during the inquiries preliminary to this Report. For 
my own part^ howerer^ I am far from thinking that 
the interests of the iron-masters would be disserved 
by a full publicity of their individual results ; it iSj 
after all^ the necessities of the public which appor- 
tions the price of their manufacture ; and that price, 
under the same existing necessities, would be upon 
a general average the same, whether it brought to 
the manufacturers a profit of 40 per cent, on the 
cost, or no profit at all. Under circumstances of 
ordinary prudence, in the selection of particular dis* 
tricts or particular sites, for the investment of capital 
in this manufacture, it is the skill and discretion with 
which it is conducted, that causes success or reverses; 
and it may well be a question, whether as much 
harm has not been done to the interest of those, who 
are still permanently successful, by an injudicious 
competition of capitalists entering upon a business 
which, for want of information, eventuated disas- 
trously, as could possibly have accrued from any 
division of their profits among rivals, who, well in- 
formed upon all items, could calculate the evrat of 
every step before it was taken. An illustration of 
this may be found in the fact, that among the details 
in my possession, of ten furnaces making the same 
22 
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qaality of iron^ the difference between the highest 
and the lowest is only £1 3$. Id. (or $5.54^) a dif- 
ference universally within the profits of the manH- 
facture^ and in point of fact^ in the particular cases 
I allude to^ atoned for by the different demands of 
the market in the two districts^ in which the furnaces 
were situated. But I leave this subject^ in order to 
present the statement spoken of. 

Table shewing the averaged gnanUiies and prices of the Materiab 
together with the cost of Ijxborfor one ton of crude iron, requisite 
throughout Great Britain in the year 1839. 



MATIKIlTATa AVH TAnnn 


Qnantlty 
in UniB. 


COST. 


jnAlAAAJLX«D An If XdAJSvWt* 


£ ■. d. 


9 «tK 


Coal : inclusive of Engine : • . . . 
Mine : • 


5.054 
3.015 


12 1 

1 4 

3 11 

17 


530 
6 76 


liimestonc : t « t « t r t r t 


0.749 


70 


Tifibor And incidentsils : . . • . . 




4 06 








» 


3 6 


16 84 



It was not possible in every case^ to procure the 
quantity of coal used in the engine^ separate from 
that which was used in the furnace; and I have 
therefore united them in this statement. But in 
seven cases^ where the distinction was made^ the 
average was 0.936 tons of coal^ costing Is. 9|d. per 
ton of metal. This low price is in consequence of 
the slack * coal being in some cases applied^ though 
not in all. 

4 This word sladc has already been employed several times; and although 
its signification is doubUessly well understood, it may be a matter of curiosity 
to some readers to know its origin. It is borrowed from the German ichUck ; 
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The labor and iDcidentak do hot include wear and 
tear, or interest on tbe capital in?e8ted. I apprehend 
that 7s. additional, would cover the average of these 
last items; and the total cost therefore of a ton of 
iron, at the furnace, would be <£3 IS^. sterling, or 
{^17.52 of our money* 

Parallel with this statement of the furnaces of 
Great Britain, may be placed one, derived in a 
similar manner, touching the charcoal furnaces of 
Maryland. 

Table shewing the averaged guanHHea and prices of the Maieriak 
and the cost of Labor for one ton of crude iron^ in Maryland in 
the year 1839. 



MATXKIAL8, XTC. 


qUANTITIXS. 


COST. 


Charcoal: 

Ore: ...... r 


142 bushels. 
2.45 tons. 


$7 07 
9 37 


TJlYlA 2 




76 


Labor: ••• 




3 83 


Incidentals : .«^«r--t- 




2 90 










$23 92 



I apprehend that the amount placed to incidentals 
will nearly, if not quite, cover wear and tear ; but it 
cannot be supposed to bear any part of the interest 
on the capital invested* I am without particular 
information on this head, but presume that about 
two dollars per ton^ would approach the average 
charge for this item. 

which, literally meaniBg any seini-coherent mass that creeps or flows slowly^ 
has been figuratively applied, in mining and metaUurgyy to ore, coal, or lime 
in the state of minute reduction, or of powder. The daddng of lime, impro- 
peily written dakinf^, is an illustration of the same use of the word. 
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No quantity has been aeeigned to the Hme in the 
table^ because of the different sources from which it 
is obtained^ and shap^ in which it is applied. Only 
three furnaces in Maryland use Umeatone; in quan- 
tities varying from seven-tenths to fourteen-tenths of 
a ton^ per ton of pig-iron. The others^ all employ 
oyster-sheUs ; which is more convenient to their 
respective sites^ and also furnishes a purer lime. 
Ten bushels of this article^ costing 5 cents per 
bushel^ is^ I am informed^ the dose for one ton of 
crude iron. 

The quantities of charcoal consumed^ having been 
stated to me in some instances^ by the number of 
bushels^ and in others^ by the cords of wood pro- 
ducing or supposed to produce it^ I have deduced 
the average volume by allowing the cord of wood^ 
under ordinary circumstances^ to produce 40 bushels 
of charcoal. In strict calculation^ the cord ought to 
be equivalent to 57 bushels; but without the greatest 
care^ under favourable circumstances^ such a propor- 
tion is never attained. How far the average I have 
taken^ accords with the results of the preparation of 
charcoal elsewhere, will be shewn in a table that I 
shall presently offer. 

No definite information as to the weight of the 
charcoal^ has been communicated to me ; and circum- 
stances did not allow me to institute the necessary 
experiments, which, to be worthy of confidence, 
would have required a certain degree of care, and 
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a dii^Hmtioti bf time not in my power to bestow. I 
ne?ertiieieS8 have collected^ from other sources^ the 
means of arriving at a probable average; which I 
also combine in the following table. 

Tcd^k shewing ike number of bushels and pounds^ioeight of Charcoal 
produced by one cord of Wood, in various places in France and 
Germany* 



LOCALITY. 



Ni^vre : 

Audincourt : Wood split : . . 
" Wood round : . . 

Ch&tiUon: 

IVrenees: avenge: . . . . 
Niederbrunn : Oak: . . . . 

Beech; large: . 

Beech; braachei: 

Pine: . . . . 
Pontgibaud: Oak: . . . . 

Beech: . • . 

Alder: . . . . 

Birch: « ^ . . 



Mean numbers deduced 



▼ohuM In 
bttshelB. 



31 
41 
96 
41 
34 
66 
03 
35 
fi6 
40 
36 
39 
32 



40.7 



W«l|htiB 
poandi. 



480 
623 
559 
647 
655 
871 
959 
631 
687 
847 
667 
480 
447 



Weight of 1 
Imthel dedacad. 



15.48 lbs. 

15.20 

15.53 

15.78 

19.27 

15.55 

18.10 

18. 

12.27 

21.17 

16.20 

12.30 

14. 



650.2 1 16.06 



The results of this table will be found to agree 
very well with the conclusions of Karsten, as to the 
nearly uniform quantity of charcoal furnished^ under 
suitable circumstances^ from all kinds of wood, indif- 
ferently. Rumford had indeed come to the same 
opinion, but upon ill-founded premises: while the 
analysis of the chemists, which determined the woody 
fibre, after proper desiccation, to be identically the 
same substance in all trees, was held to be an opera- 
tion not analogous to the carbonization of commerce 
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and metallurgy. Therefore a great discrepancy is 
still fonnd^ in the results of the analytic philosophers 
who have experimented upon the subject: as may 
be seen in the single example I shall take^ of (nd^^ 

AronrAmo' in Weight, ptrlOO part* of Wood, 

ilCCOraing XO of cSarooal produced from Oak. 

Rumford: » r 43. 

Hielm: 30. 

Karsten : slowly carbonized : . • 25.60 

Karsten : rapidly carbonized : . . 16.54 

Scopoli: 25. 

Marcus Bull: 22.76 

Mushet: 22.66 

Proust: 19. 

Allen and Pepys : 17.40 

Me. «a Pq,„: »m. f^im. , 



'.\ 



after exposure to the air, one week 

The causes of this difference are to be found in 
the different circumstances of rapidity or slowness^ 
and of degree of temperature^ under which the ex- 
periments were conducted : an illustration of which 
may be found in the experiments of Karsten, before 
referred to, and an abstract of which I give below, in 
the hopes that it may prove useful to those, who have 
certainly an interest in making their wood produce 
as much charcoal as possible* 

M. Karsten operated, for every kind of wood, upon 
both young and old timber — the difference between 
which is by no means regular, and in no case except 
pine, has amounted to 1 per cent. I have taken 
throughout only the young of the species* 
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Aeunng ike weight of Charcoal fimdaked from d 
kinds of wood^ m the experimenis of JIf . Xanien. 



T 



CHABCOAL ns 100 m. 



]>X8IOHATIOH or WOOM . 



Oak: 

Beech, {fagu$ sybatica): . 
Hornbeam, (cannnus bdubts) : 

Alder: 

Birch: 

Ktch-pine, (jnnua jncea): . 
White-pme, (pmus abies) : . 
Pine, (jrmus syhestris) : • . 
Linden: 



By rapid car- 


By alow cai- 


Mmiiatlon. 


boalndoa. 


16.64 


25.60 


14.88 


25.88 


13.12 


25.22 


14.45 


25.65 


13.06 


25.05 


14.26 


25.25 


16.23 


27.73 


15.62 


26.07 


13.30 


24.60 



Chemically considered^ Wood^ after having been 
properly treated^ so as to drive off the resins^ etc, 
with which it is associated^ and to leave only the 
Kgnin, or woody fibre properly so called^ is a com* 
pound of carbon and water^ or rather of oxygen and 
hydrogen in proportion to form water. The propor- 
tions of these substances may be taken at a mean ; 

Carbon: 61 parb(H|: 50 

Oxygen : 43 or still more generally ; Water : 60 
Hydrogen: 6 — 



100 



100 



but in the analysis^ in consequence of some affinities 
pot clearly understood (but which appear to arise 
from peculiar methods of aggregation^) in some 
species a part of the entire carbon will be taken up 
by the hydrogen^ in others oxygen will go over to 
the carbon^ and in others again they elect and asso^ 
ciate indifferently. 
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During distillation^ wious products are formed ; to 
several of wbich^ particular names have been affixed : 
but they are not of interest to our present purpose* 
All that need be remarked is^ that many of the vola- 
tile products are strongly attractive of carbon at high 
temperatures^ and therefore ijt is proper for the me^ 
tallurgist to evaporise them with as low a heat as 
possible^ both because he thus saves fuel; and because 
in the residuum there will be found more charcoal. 

I shall terminate these details upon charcoal^ by 
giving the results of M. Berthier as to the woods of 
Pontgibaud; found in the table on page 173. The 
analysis was made by rapid calcination in a plati- 
mum crucible^ and confirms the conclusion of M. 
Karsten already exhibited. 

Tabk shewing the canaHiutian of several Woods appKed to Meial^ 
htrgie uses, in the dipartment of Puy-de-Pfme. 







Oak. 


SMCh. 


AMtf. 


Hich. 


Carbon: . . • . 

Ashes: 

Volatile matter: . . 


• . ■ 


17.1 

.4 

82.6 


13.7 
86.3 


16.9 
.3 


18.7 
.3 

86* 




100. 


100. 


100. 


100. 



Although in regard to the weight of the bushel^ 
the several instances in the table^ (p^g^ 173^) appear 
to differ very sufficiently among themselves^ yet 
the mean weights deduced may I think be safely 
relied on. 

M. Landrin gives' several experiments made by 
himself on this matter^ in different parts of France ; 

• Maitre de VoTffftt : torn. i. p. 20^. 
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their mean result fi>r charcoal of oak is 14.64 poundft 
par bushel; and M« Walter^ gives^ as established ai»d 
well recognized weights^ per bushel : 

Charcoal of Hard woods t lbs. Ibf • 

Beech, (butt aad body): • . 20.8 to 824 

Beech, (branches) : , • . . 18.4 19.2 

Oak, (butt and body): . . . 17.6 20. 

Oak, (undergrowth): ... 16. 16.8 

Charcoal of Soft woods; * 

Average: \\£t 14.4 

Charcoal of Ruinous woods : 

Pine and Fir: 14.4 17.6 

16.4 18.4 
filean: . . 17.4 

The mean of 17.4 and 14.64 is 16.02 pounds per 
bushel^ a quantity but little differing from tiiat 
already established. 

I shall notice only one particular in regard to the 
weights of M, Walter^ because it is of interest to 
the metallurgist in his operations^ and at least should 
be borne in mind in any experiment to ascertain 
the weight of charcoal. This is, that the charcoal cS 
this observer had been sometime in store^ and was 
therefore heavier by the moisture which it attraeti 
from the atmosphere. It is no doubt for this reason, 
that the computation and commerce in this article is 

« Mettnoig. de Fer : p. 88. 

^ The claas of 9qft woods conaists of the cliesnat, the lindea, the birch» the 
alder, the aspen, and the poplar. 

23 
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always by volume^ and not by weight. Otherwise, 
in buying by weighty the furnace-owner would both 
pay more, and obtain a worse article ; inasmuch as 
the redundancy of moisture has to be all expelled, at 
the expense of heat in the furnace. But it must be 
said, that the greatest absorption takes place in the 
first twenty-four hours. 

MM. Allen and Pepys found, that in this manner 
there was an increase in weight, at the end of a 
week, in 

Charcoal from Oak : . . of 1G.5 per 100. 

Beech: . . 163 
Fir: ... 13. 
Mahogany: • 18. 
Box: ... 14. 
LigQumyits : 9.6 

It seems, however, that the absorbing effect is not 
according to any regular rule. 

The average quantity of charcoal, employed in 
Maryland to make one ton of crude iron, may be 
taken then, in accordance with what precedes, at 
2280.5 pounds, or generally 102 of charcoal for 100 
of iron. This appears to be a small consumption, 
and it may be therefore not uninteresting to compare 
it with the consumption elsewhere. 

M. Hassenfratz* has already collected extensive 
details on this subject, as it existed fifty years ago : 

* Siderotechnit : torn. u. p. 88. 
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the result of which may be briefly stated^ as giving, 
on one hundred and twenty-two furnaces, in Styria, 
Siberia, Hungary, Sweden, Saxony, the Low-Coun- 
tries, and France, a mean of 193 parts by weight of 
charcoal for 100 parts of crude iron. The lowest 
proportion he found in Styria and Carinthia, viz: 
66 charcoal per cent, iron ; and the highest in Hun-- 

» 

gary, where it was 649 charcoal per cent. iron. The 
average of the Swedish furnaces was 127 per cent.; 
and that of fourteen furnaces in France 150 per cent. 
Since the introduction of the Hot-blast, a consi- 
derable economy of combustible has also taken place. 
M. Dufrenoy gives ^ as the consumption at 

Riouperoa, (Is^re) : 127 of charcoal per 100 iron. 

Wasseralfingen, (Wurtemb.): 113 do. 100 iron. 

Bachzimmem, (Bavaria) : 81 do. 100 iron. 

The mean of which is 107 do. 100 iron. 

The consumption in Tuscany " is also very small ; 

the minimum being 89 of charcoal per 100 iron. 

and the average . 103.7 do. 100 iron. 

At the furnace of Cecina, in the same State, (with 

cold-air^) it is . . 100 of charcoal per 100 iron. 

At the furnace of Malapane in Silesia," (with hot 

aify) the consumption is 171 of charcoal per 100 iron. 

Excluding the data of M. Hassenfratz, except in 
regard to Sweden, where the resuks are still nearly 
the same, the mean of the other statements given 

* Vojafe MettUorgiqut: torn. i. p. 445» ete. 
M Gtrella : Ann. dei MinM : torn. xri. p. 82. 
" Chatelitf : Ann. das Mines : torn. xri. p. 103. 
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shew a proportion of charcoal of 106.6 (eqoal to 
628 wood) per 100 of crude iron; which maj be 
adopted as a general arerage^ under all the modem 
improT^ments^ throughout Europe and America. 

The causes influencing the consumption of the 
combustible (of whatever kind) in Metallurgy^ ap« 
pe» to be of two kinds^ chemical and mechanical. 
Among the former may be mentioned as chief^ the 
fusible association of the ores^ which generaUyj 
(though not always) is connected with the per 
centage of metal in said ores ; next^ the character of 
the flux employed; and lastly^ the kind of iron 
which is aimed at* But in this last particular^ the 
state of our knowledge is not enough advanced to 
enable us to speak with precision. 

The mechanical causes of greater or less consump- 
tion are principally^ the section^ and general shape^ 
together with the height^ of the stack and its chim- 
ney, — in short, whatever tends to promote the draft 
of the furnace. As to what regards the air itself 
blown in, and its temperature, the causes are of a 
mixed chemico-mechanical nature, and are very in- 
fluential. 

I shall conclude this subject by inserting a table 
prepared by M. Walter, as to the probable propor- 
tions of combustible for diflerent classes of ores. If 
not accurate, it gives at least a basis for observation 
and induction. 
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TaUe shewing Vie probable consmipHcn of Charcoal per 100 of 
crude Iron, vrUh Ores of different sorts. 



DENOMINATION. 



Proportion 
of Meul 
por 100. 



Ghveoal con- 

turned par 100 

of Maul. 



Fusible orea— yielding: 



Oret of mean fusibility — ^yielding: • 



Ores hardly fusible — ^yielding: . • 



35toao 

30 to 35 
35 to 40 
30 to 40 
40 to 50 
50 to 60 
30 to 40 
40 to 50 
50 to 60 



66to 9Q 
90 to 110 
120 to 130 
no to 140 
140 to 180 
180 to 210 
160 to 200 
210 to 250 
250 to 300 



The manofacture of Iron with coal^ has been but 
within the last year introduced in Maryland; and 
there is only one furnace (tliat at Lonaconing^ before 
mentioned) applicable to this purpose. The result 
was one^ I believe^ of entire success^ both as regards 
the facility and economy of the manufacture: — the 
quantity made in any given time almost trebling^ and 
the actual cost falling notably below^ the same items 
in the charcoal furnaces of this State. I do not 
however present any statement of particulars^ inas- 
much as I am informed that the company^ under 
whose auspices the works have been established^ do 
not consider even their present results^ as an exhibit 
of the average capacity of the means and processes 
at their disposal. 



CHAPTER IV. 

Sfic. 1. ExempKficationa of the General Chemieal Theory of Blaei 

Furnaces. 

The theory of the Metallurgy of Iron, is to present 
to the ores such substances as have an affinity for, and 
will combine with, all the elementary constituents of 
said ores, except the iron : and the problem gene- 
rally to be solved, is the assemblage of these combin- 
ing substances in such states and proportions, as will 
tend to their melting and uniting at the lowest point 
of temperature, and consequently with the least ex- 
pense of fuel ; in other words, to produce the most 
fusible compound. Thus, we offer to the ores in the 
blast-furnaces, the Umej whose solvent properties are 
well known; — thus, the silica and alumina of the 
ores, inert matters which sustain by themselves, with- 
out melting, the most intense heat, are made to con- 
tribute to an important part ; — and even the melted 
metal itself, when separated on the hearth from its 
other associations, is found, at a particular tempera- 
ture, to re-act upon the pasty mass of semi-combined 
matters above it. This temperature is always the 
lowest, consistent with fluidity. 
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Without entering into much detail as to the prin* 
ciples involved in this theory and manipulation^ 
which appear to be practically understood by the 
furnace-managers generally in Great Britain and 
America^ to a degree sufficient for their purposes, 
it yet is of importance enough to illustrate what has 
been just said, by two or three analytic and synthetic 
tabular statements, which I have been at the pains to 
make out, and which will be prefaced and followed 
by a few explanations and remarks. ^ 

The materials supplied to the furnace are of two 
kinds, — solid and gMeous: and of the same kinds 
are the materials produced. The gaseous material 

1 1 annex in this note, as a matter of curiosity, the expressions of Samuel 
Bogeis (of whom I have spoken in the Introduction) on the same suhjeet 

'The great desideratum,' sajrs he, 'in iron making, is to separate all the 
elements combined with the iron in the ores or cinders, from which we wish 
to#btain the metal. These Tarious elements are, all of them, perfectly dilTe- 
rent intvUkd atoms, which have the property of uniting and forming Tarious 
compounds ; and this inherent property is put into action, either by the pres- 
sura of the atmosphere, by magnetic influence, or some other natural though 
yet undiscovered cause,-''assisted by caloric, light, and contiguity. This 
Mng the case, we have only to know what elements aro to be acted upon, 
and withdrawn from their combination with the iron and with each other, to 
point out the additions necessary to aUrad all the various elements, by a more 
powerftd ai&nity than that which unites them with the iron and with one 
another; producing new compounds, with the additions to effect this purpose. 

<lt if on this account,* he goes on further, 'that I so strongly recommend 
the complete and accurate analysis of the different materials employed in iron 
mannftcture : for without such information, synthetical attempts to make good 
tron or good fiamaeB-emder, will always prove irregular and frequently abor- 
tive ; and good materials be blamed from improper and random applications.' 
— LitUr ii. 
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{Supplied^ is atmospheric air ; — ^tbe soHd matters are^ 
ores of iron^ containing an oxide of this metal a88i>- 
ciated principaljy with silica and alumina; carbon^ as 
it exists in wood or coal^ together with a small prcv 
portion of the aforesaid earths ; and an alkaline flux 
(lime)^ likewise combined with more or less earthy 
matters. 

The resulting solid products are metallic iron, 
united with a very small proportion of carbon^-^-^and 
furnace-cinder (as it is called) containing in varied 
combinations the lime^ silica^ and alumina. The 
gaseous products are carbonic acid; carbonic oxide^ 
nitrogen^ and water in the state of vapor ; and per- 
haps atmospheric air^ which has passed nndecom- 
posed through the furnace and escapes by the 
chimney. 

However difficult it might be, a priariy to deter- 
mine the course which the elementary constitue{^ts 
of the materials would take in order to form new 
compounds, after having been set free, by the action 
of caloric, from their aggregation in the old, jet 
when we have before us the new compound reaUy 
resulting, we are able to infer with some certainty 
the respective directions of the different proximate 
or ultimate elements, and to define the agency of 
each material in forming the products. This has 
been attempted to be done> in the anagraph on the 
opposite page. 
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In this sketch I have endeavoured^ by the lines 
reaching from the side of Materials to that of Pro- 
ducts^ to shew the tendencies and affinities of the 
principal elements which are found in the substances 
used for producing iron ; without meaning^ however^ 
to give In its place each specific element^ or to affirm 
that each of the elements which I have given^ takes 
precisely and in totality the direction I have assigned 
to it. Thus^ in the iron-ore and in the limestone^ 
there are ingredients such as magnesia^ manganese; 
etc.; very frequently met with, but not shewn here : 
nor 9m I prepared to affirm that the whole of the 
nitrQgeny which is shewn as escaping with the car- 
boqic acid; is actually got rid of in that way. The 
specifications are, however; minute and exact enough 
tQ serve as an illustration of the compositions and re- 
compositionS; which take place in the blast-furnace. 

In order farther to shew the fecundity and extent 
of application of this theory; I shall next give some 
tables more detailed; and based in part upon actually 
existing cases ; from which reference may readily be 
made to otherS; that are in a greater or less degree 
analogous. 

The modern exemplifications of the Atomic system 
sheW; that all bodies are chemically united in definite 
and permanent proportions; and that in their de-* 
compositions and fresh combinations; they are sub- 
ject to general lawS; which arC; among other tbingS; 
expressive of the habitual proportions in which their 



elements tend to form new compoimdi^ Tbe prici- 
sioa of those taws, however they maj diverge in mj 
of the different annunciations of. them from perfect 
accuracy, is yet sufficient, for any of the practical 
purposes to which there has been yet occasion to 
apply them. After this, the only thing arbitrary in 
the tables following, is the assumption that the tem- 
perature and other circumstances are appropriate for 
the various elements to exercise their natural affini- 
ties. I shall have occasioa to point out, in the course 
of this chapter, certain cases, wherein, from a defect 
in those circumstances, the resulting affinities are not 
uniform with what might be anticipated from cafcu- 
lation. But these irregularities do not affect the 
principle of the present considerations. 

On page 108, of this Report, is given an Ore (the 
first on the list), whose analysis and elementary con- 
stitution may be exhibited as follows : * 

ANALYSIS. XUBKBirrAmy C0K8TITUXRTS. 

Protoxide of Iron: . . 45. Iron: 35. -f" ^^ ^O- 

SiUca: 15. SUicod: 7.5+0. 7.5 

Alumina: ..... 9. Aluminium: 5. -f- O. 4. 

lime: 1. Calcium: .7 + 0. 0.3 

Carbonic acid : . . . 27.5 Carbon: 7.5 + 0. 20. 

r Carbon: 1.8 
Hydrogen: .2 + 0. 0.3 

^Nitrogen : .2 



Coaly matter, etc.: . . 2.5 



lOe. rs 57.» + 48:1 



* I btTt used, throagfaout this chapter, th« tyitem of atomic eqaivaltiiti in 
which hydrogen if taktn u unity; and u fitf u poniUt haT« trnploytd 
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The immediate analysis of the Coal^ which was 
used with this ore, is found on page 150, (Table IIL 
No. 4); mediately it may be assumed: — 

Caibon: .... 76.90 
Oiygen: . . . 11.53 
Nitrogen: . . . 6.51 
Hydrogen: . . . 3.71 
^Silica: .... 1. 
Alumina: ... .66 

1 Lime: 36 

[iron: 42 

100. 



.Ashes : 



It will not be necessary to exhibit the details of 
its elementary constitution ; which will come in pre- 
sently in the table^ and which I have given for the 
ore only to shew the process of reduction. 

The proximate constitution of the limestone^ used 
for the Flux, is : — 

Carbonic acid : . . . 34.7 

Lime : 46.4 

SiUca: 6.2 

Alumina: .... 6.1 

Protoxide of Iron: . . .4 

Water, etc.: .... 2.2 



100. 



vMt nomben for the equiTtlenti of the different elements. This, which In 
most cases is prohaUj as near the troth as any other, both ftcilitates calcola- 
tion and serres eqaaDj the illustration (all that I haTS aimed after) of the 
theory. So, fiir the same reasons, I haye not cairied the elementary propor- 
tioas flffther than the nearest tenth. 
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Also^ the ordinary constitatioD of uDcondensed 
Air may be taken to represent the elements fur- 
nished by the blast^ (abstraction being made of the 
carbonic acid and the vapor of water), as follows: 

Oxygen: ... 523. 
Nitrogen: ... 77. 

100. 



Such are the proportions of the substances, which 
have been introduced in the construction of the fol- 
lowing table of composition. The caption of the 
columns of materials, is intended to shew the relative 
weights of the substances simultaneously acted on. 

Tabk shewing the absobUe elemmtary compositum of the Materials 
en^lcyed in a Blagt-Jtamace using Coal. 



XUimiTTS. 


per no parts. 


COAL 
patMOpwti. 


rum 
p«t lOOpuM. 


Atmotpho 

AIR 
per 9000 p 


rlc 

TOTAL. 

u. 


Oxygen: . . 


196^ 


33. 


46.6 


460. 


665.9 


Hy dSogen : . 
Nitrogen : 


.6 


9.7 


.1 


. • 1 


10.4 


.6 


14.3 


.1 


1540. 


1555. 


Carbon: . . 


97.9 


200. 


11.2 




239.1 


Silicon : . . 


32.5 


1.3 


4.1 




27.9 


Calcium:. . 


2.1 


.6 


33.1 




35.8 


Aluminium: . 


15. 


.8 


4.6 




20.3 


Iron: . . . 


105. 


.3 


.3 




105.6 




300. 


260. 


100. 


2000 


2660. 



The re-campositian of these elements^ as stated in 
the column of totals^ is exhibited in another tablC; 
derived from the constitution of the resulting pro- 
ducts. 

To construct this table^ we may take the composi- 
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lion of the Iron^ (regard being had only to its pri&ci- 
pal and moet important associate — carbon) as follows: 

Iron: . . . 97.75 
Carbon: . , 2.25 



100. 



The actual yield of metal^ as furnished by the 
accounts of the establishment^ for a certain period, 
was 34 per cent, of the ore consumed. 

For the Cinder may be given these proportioBS, 
viz I 

Silica: 37.2 

Alumina: 22.7 

Lime: 96.4 

Protox. Iron : . . • . 3w7 

100. 

neglecting, as has also been done in the analyses of 
the other cases^ those ingredients which are fire- 
quently associated, but only in slight and rarying 
proportions. 

As, in the practical operation of an Establishment^ 
there are no ordinary means of ascertaining the 
quantity of Cinder made, for our present purpose it 
it obvious that some measure must be a^umed. 
From general observation I should suppose, that in 
any given period, there is about four times as much 
cinder run out as iron, while the relative specific 
gravity of the latter, in the present case, is very 
nearly 2.6 : 1 of the former; so that i& round nom- 
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berSy there would have to be one*half more in 
weight of cinder than iron^ produced in the same 
time* Therefore in the caption to the proper column 
pf the following table of re*composition^ I have given 
the absolute quantity of Cinder 150 parts by weight; 
to erery 102 parts of Iron. This also is supposed 
to harmonize^ as to both products^ with the captions 
of the preceding table. 

Tabk thewifig the absolute elementary composition of the Producti 
given from a Bkai-fiiamaee using CoaL 





now 

per lOS 

parta. 


Furnace 

CIlffOBB 

per 190 
parta. 


6AS. 




fiLEMElTTS. 


StMO. 


Cvbo- 
nkAeld. 


Oxide of 
OarboB. 


Carba. 

retted 

Hjr- 

drofan 


NUrogm. 


TOTAL. 


Oxygen: . 
Hydrogen: 
Nitrogen: 
Carbon : . 
Silicon : • 


• • . 

• • • 

? 

2.3 

? 

... 

? 
99.7 


69.6 

• • • 


235.5 
29.4 


192.9 


247.7 

• • • 


24! 1 


• • • 

1348.6 

• • • 


735.9 
63.5 

1346.6 


• • • 

27.9 
39. 
18.9 
4.4 




72. 


185.6 


72.2 


332.1 
27.9 


Calcium : . 












39. 


Alumiiunni: 












18.9 


iRoii: . . 












104.1 








96.3 








102. 


150. 


264.9 


264.9 


433.3 


1348.6 


2860. 



A comparison of this table with the preceding one 
will shew^ more fully than any verbal explanation^ 
the views of the Combination-theory I am desirous 
to expose. 

The coincidence of the iron in the two tables (the 
quantity produced being only 1 i per cent, less than 
the total quantity supplied in any manner^ — a dis^ 
cottot^ \h9t may well arise from discrepancies between 
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chemical analysis upon minute quantities and opera^ 
tions in large) is very satisfactory; that of the cm^ 
dery it is evident^ depends upon the assumption of its 
volume being quadruple that of the metal produced. 
The different signs of the aluminium and calcium in 
the second table^ one being too little^ the other too 
much^ proceed from causes that a more exact ana- 
lysis will^ I expect^ remove. The component parts 
of the gaSy which occupy five columns of this table^ 
I have established upon the mean of eleven analyses 
by M. EbelmeU; of the gaseous product of a furnace 
using charcoal^ with a mixture of coke. The quan- 
tity of oxygen is somewhat too great^ and that of 
nitrogen too small ; but as the object of the table is 
exemplification mainly^ I have not thought it neces- 
sary to make the alterations in proportions^ which 
otherwise might be justified by the analogies and 
circumstances of the analyses themselves. In another 
part of this chapter^ I shall have occasion to recur to 
the subject of these columns^ and treat it in more 
detail. 

It is not to be doubted^ that the managers of Iron 
establishments would find it much to their individual 
interest^ as well as to the general advancement in the 
scale of public opinion of the important trade they 
support; in adopting a plan similar to what has been 
illustrated in these tables. I am far from asserting 
that the processes in the blast-furnace are of a nature 
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to itliow^ generally^ the sabstitution of one diettiical 
oqaivatefit for ^iKfther; or that eqtially good itxm 
Aiaj ine prodiioed (by a certain arrangement find 
mixttms t)f ores and fluxes) from all kinds of ore: 
bat lliat mticki may be done in impt&rmg the quality 
of tbe metal frbm uny giv^n ore^ by a dne i:^onsidera- 
tion ^ffid appik^tion of the principles I have pointed 
o«t^ the tescilt at one or two eirtablishmenta in (Sreat 
Britain ^A>imidantly jgiie wi». Nor is it^ in fiact^ a neces- 
Mry Mt^edent to the adoption of soch methods t)iat 
fumace^managers «honld become chemists ; a degree 
of knowledge in thlit particular wo\ild be highly 
serviceable to them : but there are in Ateerica; and 
especially in Maryland; facilitieis for having thorough 
and extensive analyses made of the materials ttsed 
at each eiftablishment ; while the tables I have given 
will «eiTe to assist the determinations made frodi 
sack analyses itnd may be uded as patten^^ to be 
improved and rond^ed more exact^ for all ansjo- 
gous cases. The difference of effect between 'Char-' 
coal and coke^ oir coal^ las a oombustiMe^ {although 
apparent in the constitutton of the cinder) is ttot 
enough to present any difficulty in the way of tiaicu*- 
lating the affinities of the former^ in the «ame manner. 
ta has been done for the latter. 

^me metallurgist have endeavoured to detcN 
kttine the proportionB of foreign and earthy BUb* 
stanoeS; which ere admisBible ift the constitution of 
25 
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the ores^ to be profitably worked ; but no certain rule 
can be considered as established on this point. The 
following particulars; however^ appear justified by 
the present st£Lte of our knowledge in this regard. 

l^t Earths or ores^ not containing more than 22 
per cent, of iron^ are hardly^ if at all; worth working 
by themselves ; not because the iron cannot be sepa- 
rated from its combinations; but because such sepa- 
ration will be attended with disproportionate cost 
But if the other associates are in suitable proportions^ 
such ores become exceedingly valuable as fluxes: so^ 
at an establishment in France (having before satis- 
fied themselves as to the suitability of its proportions) 
they fuse a brawn hofmatite solely by the addition of* 
a poor carbonate of iron. ^ 

2^. LimC; alumina; silica and magnesia; earths fre- 
quently found in combination with iron-oreS; may be 
considered as by themselves infusible. It is their 
union only; which allows of their being melted even 
at a high temperature. 

3^. Even in this uniou; silica appears a necessary 
adjunct to effect fusion ; as neither lime and alumina; 
alumina and magnesia; nor magnesia and lime are 
per se fusible. 

4^. Although silica facilitates the fusion of any 
one of the other elements when mixed with it; and 
of the four mentioned; is only one that can be used 
ahncp for the reduction of the oxides of iroU; — its 
tendency is much increased; by uniting it with more 

s Berthitr : Voie-S^cbe : torn. ii. p. ^1. 
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than one* The mixture in suitable proportions of all 
the elements mentioned, (which makes a quaternary 
oompoand) is mach more fusible than a mixture of 
any three of them ; so^ a ternary compound is more 
fusible than a binary one. An excess of silica^ how- 
ever^ by combining with the carbon or with the iron 
or with both, produces white iron ; and by rendering 
the cinder more refractory, is very apt to derange the 
furnace. 

5^. Oxide of manganese also, often found in com- 
bination with ores of iron, is, when not in too large 
quantities, a valuable agent in promoting the fusion 
of any or all of these earths. When so found, it has 
sometimes rendered unnecessary the addition of any 
foreign flux. Its excess is accompanied by its being 
reduced along with the iron. 

6^. Although in the ores generally used in Great 
Britain, and those in several places in Maryland, lime 
is a very suitable flux, it is not to be supposed that 
it is essential in every other case, or even in these. ^ 
In the instance alluded to in the last paragraph, the 
foreign flux dispensed with was- lime. 

« Kanten: EiBen-MetaUorg. t. i. § 465, tnn'd by Calmann: Metz, 1880. 
The application of lime ae a flax to the iron-ores of coal-regions, has been 
ahewn by M. Berthier (Ann. de Chimie et Phya. xxxiii. p. 154) to answer the 
purpose of taking up, when m ezem, a portion of the tttljpter, which is almoet 
always found in those iron-ores. If the lime be however combined with silica 
in atomic proportions, its action is much weakened, or neutralized. 

The limit to the application of lime in excess, is in the infusibility of the 
cinder after a certain point; which is on the one hand §^ual qumUUUi of 
osnfgin inihiiwo boia^ and on the other, Jour Hmn tu imic& oxjfgm in ihg 
tiUea as in the U$m. 






7^. Whea aB addhiou of silica is requirod> k k 
effected to advantage by the qee of natteffi^ which 
)¥itb it coQtaia ai^o a portion of iron. It li ^vm tJMkt 
a9»{^itiole^ basalt, and garpet h^ve bieQi» apf))jed.^ 
1)iii& is in fact the usq of ^^poor material, instead, of 
om utterly sterile. 

$^. In fine,, M. Berthier^ kas concluded, from 
numerous expefiments[ on. a, smaU scale, that d the 
whole solid materials introduced into the fimace 
(tbe^iron excepted) the siHca should bear a propor- 

U(Hk of not less thaa 45 per j» npv more than 60 per | 

l4Qie should be from . . 20 

'' Alumina may be from VH 

Magnesia, .... 12 

Oxide of Manganese, 15 

l^ Oxide of Titanium, 15 

But these numbers cannot be considered as uni- 
versally applicable ; inasmuch as I have myself ob- 
served a case, where the furnace was making excel- 
lent iron, and when the proportion of foreign matters. 

was as follows : 

Saicar . . . m. 

lame: . . . 35. 
Alumina: • . 26. 

100. 

The other bases were in such simU proportioM, 
as not to be noted. 

* M. Walter Saint- Ange : Metallurgie de Fer. p. 9. 
* Voie-S^che : torn. ii. p. 889. 
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Sec. 2. Fumace-cinder ; itsi ConsHtuivm and Phenomena, 

Ff will illustrafe what has been alrea^ said^. to 
present kere the resnlts of some analyses of furnace* 
cinder. 

Analyne of Furnace Omder. 



CHARCOAL. 



VX&KOXIDBS. 



SjUica: . . . . 

I«iiD9: 

Biagnema: . . . 
Alumina: . . . 
Pntozid* of iron : . 
Do. ofm&Dc^ese: 
Oxide of titanium : 
Sulphur: . . . . 
|ttiofiibon««d4r . 



V^M 



Mtan. 
1 



51.84 

21.80 

4^ 

15.21 

8.73 

1.16 



• • 



96.56 .98.2 



Torr 

elow. 



68.6 

24. 
1.2 
8.8 
1.7 
8.9 



trace 



berf. 

a 



81.1 
14.1 

8.9 
1. 
4.4 
9. 



U>2.7 



CASBOlCATXa. 



Ptn- 

lOt. 

4 



52. 
80.2 

5.2 

5. 

1.6 

4.7 



tmee 



96.7 



lene. 



71. 
7.2 
5.2 
2.5 
5. 
6.5 



97.4 



BftB. 

6 



87.8 

2.1 
21.5 
29.2 



trace 



99.2 



Haok 
7 



49.6 

15.2 

9. 

.4 

25.8 



.1 



100.1 



COKE. 



CAmBONAYXfl. 



Dud- 
ley. 

8 



40.6 
82.2 

16.8 
UK4 



100. 



DowlalBk. 



48.2 
85.2 

4. 
12. 

4.2 



98.6 



10 

85.4 

88.4 

1.6 

16.2 

1.2 

2.6 



1.4 



96.7 



The numbers giTen ia the first column of this 
table^ represent the mean of ten analyses made by 
M. Berthier; nearly all the specimens for whicb^ 
were procured at a time when the ftirnaces were 
working welh This eolumn may tiierefore be taken 
as exhiftiling the average constitution of good cinder^ 
and consequently assists in determining the propof^ 
tioBS of the earthy ffuxeS; which are to be sup{rfied 
to^ a furaacei 

Nov 2 is from Torgelow in Pomerania; where the 
nttoe is much phosphated. Hie color is bluish-* 
white ; the t^cCure rather of enamel than of gfess. 
Its q^ecific gravity was 2.62: 
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No one has yet suitably investigated the condi- 
tionS; under which phosphoric acid exists in the 
high-furnace. M. Karsten is of opinion that it iff aU 
converted^ becomes a phosphurety and combines with 
the crude iron produced : but M. Berthier has sig- 
nalized its presence^ unconverted^ in the cinder in 
this case. 

No. 3^ from the furnace of Ekersholm^ at Taberg 
in Smoland^ is remarkable for the large proportion 
of oxide of titanium contained in it. It is much 
tumefied^ of a grey colour inside^ more yellowish on 
the surface^ and is not very fusible. The propor- 
tions both of limestone and silex might be increased 
to advantage; 

No. 4; from the furnace of Pinsot (Is6re)^ of a 
clear olive green colour and crystalline arrangement^ 
is given because of its regularity of chemical consti- 
tution. 

Nos. 6 and 6^ the first from Savoy^ the next from 
the County of La Mark^ are given to shew how 
extremes in either way are indicative of the bad 
train of the furnace ; which was the case when the 
specimens were furnished. 

No. 7; from the same establishment with No. 6 — 
only when the furnace was working welL The dif* 
ference in the proportions of the protoxide of iron 
in the two instances^ is very remarkable* This fur- 
nace is the one alluded to in the last section^ where 
mention was made of no foreign flux being used; 
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and of the oxide of maDganese^ which exists in large 
quantity in their brown hematite^ supplying the place 
entirely of lime. 

No. 8 is from a well-going furnace near Dudley 
in Staffordshire^ and was obtained by M. Dufrenoy. ^ 

Nos. 9 and 10 were collected by the same philoso- 
pher^ from the Dowlais Works in South Wales ; the 
first (the furnace being in good train^) was compact, 
of a light grey colour^ with glassy streaks of a deep 
bottle green^ somewhat cavernous^ and having the 
cavities lined with crystals. Its composition much 
resembles that of a specimen of idocrase * analysed 
by Klaproth. The other was when the furnace was 
in bad order^ blacky easily attacjced by acids^ with 
disengagement of sulphuretted hydrogen. 

An inspection of the table will shew the diffe- 
rence before mentioned^ between charcoal and coke 
cinder. In the former^ the proportion of oxygen in 
the silica is nearly twice as great as in all the other 
bases: — ^in the latter^ it hard)y equals the quantity 
contained in the other bases. The compounds in 
the first^ may therefore be considered as bi-^silicates : 
in the other^ simple silicates. Comparing this view 
of their constitution with the degrees of fusibility in 
the different states of saturation^ and with the much 
greater heat generated in a coke than in a charcoal 
furnace^ we may account for the difference — the siH^ 

f Voyage MetaUurgique : torn. i. p. 840; PariB, 1837. 

-> Beadant : Mineralogie : torn. ii. p. 87 ; J'aris, 1882. • - 
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tBieSy generally ^eaking^ being leds fusible than ihe 
U^ioabe$ — ^and these agiain more fusible than the 
ter-silicates. In regard to this^ M. Earsten^ remark 
is judicious ; that '^in the reduction of iron^-ores we 
should endeayour to form silicates fusible at the tem^^ 
perature employed ; so that the fusion shall not be 
determined by too great a degree of heat, or by the 
vitrification of the protoxide of iron, which wtmld be 
accompanied with considerable loss.' 

• The we of the cinder appears to be principally in 
fiMir ways : 

1^ As the ores are %ilways nissociated with a 
greater or less amount of one or more of the infn-^ 
sible earthy matters which have been mentioned 
above, it would be impossible, in the greater number 
of oases, to sepamte the impurities from the iron 
otherwise than hy fusion; or to fuse the material 
otherwise than by presenting to it fusible compounds 
in suitable proportions^ 

2^. The cinder in fusion, embradng and enve'- 
loping the iron, assists also in its reduction; firet, by 
a greater communication of heat from a fluid surface, 
and secondly, by ofifering (as all soMwns do) greater 
room for different affinities to act. It may be pre^ 
Bumed, that this arises from the ultimate atoms being 
presented in a state of greater separation and dis« 
tinctness. 

3^« Some very fusible oresy such as die crystalline 
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or iiparry tarbonates^ are apt to hetnettedy before the 
metallic compound is separated and reduced. The 
iron in such case^ is mixed throughout the slag ; and 
a proper addition of a refractory base is necessary to 
retard the fusion, until the deoxidation of the metal 
takes place : at which time^ its gravity being much 
increased^ it is allowed to settle at the bottom of the 
Uquid mass. 

4^. During the separation^ which generally begins 
to take place just below the boshes^ the metallic 
iron^ in descending to the hearth^ has to pass by the 
tuyeres; through which^ a large supply of atmos* 
pheric air is continually entering. The province of 
the cinder here^ is to preserve the metal from contact 
with the air ; by which it would be oxidated^ and^ 
if even it continued in fusion^ would be materially 
deteriorated. 

Hence the degree of fusibilUy of the cinder^ is a 

point of much importance. If it be too thick and 

pasty^ there will be difficulty in the iron making its 

way through : if it be too thin and liquid^ there is 

danger of the meta] leaving it too soon and being 

thus exposed to the current of air through the 

tuyeres, or (if the liquidity be in a less degree) 

losing a portion of its carbon^ and becoming more in 

the nature of steel It is by an analogous process 

(though the shape of the furnace is very different) 

that some ores are made to yield malleable iron at 

&nce ; as in the Catalan and Navarrese methods. 
26 



20S 

This subject^ the fusibility of different cui^<uui«>^ 
earthy^ and metallic silicates^ — ^which is one of moch 
moment to the intelligent metallurgist; would draw 
me away too far from the main object of this Report^ 
were it to be discussed at the length it deserves* I 
can therefore only give the order of fusibility of silica 
combined with several substances most usually met 
with ; at the same time repeating the remark before 
made^ that in proportion as the bases combined are 
more in number^ the fusibility increases ; so that two 
infusible silicates per ee^ may become fusible when 
presented together. As to this property according 
the different degrees of saturation of the silica with 
oxygen^ it does not appear that a rule can be given 
applicable to all substances. For their simple com* 
binationS; they are arranged in their proper order^ 
as follows: 

Soda. 

PotAWft* 

Manganese. 

Lime. 

Magnesia. 

Alumina :— infusible per se. 

The substances of this table^ if taken two by two, 
or three by three, will generally in fusibility ante- 
cede the first named : thus a silicate of soda and 
potassa is more fusible than even a silicate of soda ; — 
and a silicate of lime, magnesia, and alumina, comes 
in after manganese, although silica and lime are of 
very difficult and limited fusion together, and silica 
and alumina absolutely infusible. 
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Connected with the fusibility of the inatemls 
forming the cinder^ in the furnace^ is its consistency 
kt the time of its flow^ and its subsequent changes in 
this particular. A liquid cinder can only be pro-* 
duced by a considerable heat and fusible materials : 
but notice must be taken of its tendency to cool^ 
before its indications can be taken as satisfactory* A 
rapidly cooling cinder shews the presence of metallic 
associations; and if its color be at the same time 
brown or black, it may be presumed that there is a 
notable proportion of iron, which has not been fully 
separated. In such case, therefore, the charges of 
tnine should be diminished. A clear-colored cin- 
der^ liquid enough to flow over the dam-plate, and 
but slowly cooling, is generally desirable, as indi-» 
eating good materials and a suitable temperature. 

On the other hand^ a thick pasty cinder, flowing 
with difficulty, argues the presence of infusible mate- 
rials and a deficiency of heat. I have nevertheless 
seen a case of this kind, where the latter cause could 
not be supposed operative; and the derangement 
was attributed to too high a temperature. The 
tooling was slow, proving the absence of metallid 
mixtures; and the remedy was to increase th6 
charge of mine. M. Karsten noticed a similar oc- 
currence ; though he does not mention the remedy. 

In coke furnaces, a satisfactory indication is found 
in a cinder^ liquid enough to flow slowly, but uni- 
formly—cooling only after some exposure to the 
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air — and albwing itself^ after the lapse of ewesni 
minutes^ to be drawn out into threads or twisted into 
yarious shapes^ which it preserves against any thing 
but rough treatment. If the experiment of drawing 
and twisting be tried before it has cooled to a cer- 
tain extent^ the threads are apt to break sponta* 
neously by irregular contraction. 

The color of the cinder^ and its other physical 
characters^ offer generally^ with the same furnace and 
the same materia^ a test by which (in connexion 
with the character of the iron produced) the obser- 
vant founder may^ to a certain extent^ judge of the 
processes which are producing it^ and regulate his 
proportions aAd working accordingly. But there 
does not appear to be any general rule applicable to 
all cases^ or any universal theory^ which may serve 
as a standard for such a rule. An association of 
other metallic substances in the ores of iron^ may 
affect^ in an almost opposite amount^ the color of 
the cinder produced; and in such an association, 
different effects upon the same characteristic, will be 
observed in coke and charcoal furnaces. Thus, in a 
coke furnace, an admixture of lead in the mine gives 
a yellow tinge to the cinder : * with the same admix- 
ture in a charcoal furnace, the cinder is a light grey. 

In well-going coke furnaces, I have found the 
cinder chiefly of a whitish grey in the mass — with 

^ Karsten: Eisen-Metallorg : torn. ii. p. 240. 
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shades of blue on the outside^ and streaks of blue^ 
blqeish green^ and green^ within« These varieties 
in color may be supposed principally dependant 
upon the reduction of minute portions of the metal-* 
lie oxides, as manganese and iron; and upon the 
presence of a small quantity of phosphoric acid. It 
is only when the color has approached a brawny and 
through the intermediate shades to blacky that therq 
is reason to suppose a notable proportion of iron in 
the cinder; and the first remedy should be the 
diminution of the charge of mine. But to judge 
satisfactorily of the color^ the cinder must be puU 
verized. 

With the same materials, the greater opacity pr 
translucency of the cinder, appears to depend on the 
combustible : with coke it is more opaque, with char- 
coal more translucent 

Among other physical characteristics, the cinder 
may be classed under the heads of glassy, lithoid or 
stone-like, earthyy and enamelled. 

The first indicates a greater fusibility of materials ; 
and is generally found in furnaces which use char- 
coal, as the second is with those that employ coke. 
With the proper color and opacity, these are good 
indications for the respective combustibles. The 
earthy aspect of the cinder arises, I believe, mainly 
from a deficiency of heat ; and not from a derange- 
ment of the furnace. Some of the founders in Wales 
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determine the application of the corrective for this, 
by the appearance of the iron which they are makings 
If it be well crystallized or granulated, they increase 
the quantity of air without apprehension ; but if the 
iron be white and lamellar, the increase is made with 
caution. I am not prepared to say, that this is based 
upon any rigorous theory; for I have not found it 
universally the case. But I shall speak of this £sur-* 
ther hereafter. A cavernous or honey-combed tex- 
ture is a frequent accompaniment of this sort of cin- 
der; and it may be supposed to proceed from a 
greater degree of the same cause, as well as from 
a less complete separation of the materials. The 
charges are generally, in this case, changed. 

A cinder like enamel, is taken to indicate a defi-» 
ciency of heat ; but this aspect is not well recognized 
among the practical founders. Theoretically, it seems 
to prove both imperfect fusion and reduction. " 

I have not thought it necessary to make a class 
of the cinder, containing (with a honey-combed or 
pumice-like texture,) small masses of earthy matters 
from the flux or the sides of the furnace, fragments 
of charcoal, or metallic grains. These occurrences 
prove, without controversy, a deranged state of 
working. 

• Such are the particularities and classification of 
the Cinder. 

M M. Bertfaier ittrilmtat thii chmcteriitic, io part, to the preMnce of pbos- 
pbate of lime. Fote-Sfe^ : torn. ii. p. 841. 
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Sxc. 3. CharacteritHcs and CondihUion of the Metal produced^ 

under various circumrtances. 

» 

The other solid product of tbe Blast*furnace^ is 
the metallic iron ; to which the name of crude iron 
is with propriety applied. This consists principally 
of the elementary metal ; associated chemically Mid 
mechanically with several of the * other substances 
which have been introduced into the furnace^ and 
which constitute, according to their amount and state 
of combination, greater or less degrees of impurity. 
So, the crude iron may be found to contain carbon, 
silicon, phosphorus, sulphur, arsenic, chromium, tita* 
nium, magnesium, aluminium and manganese — in 
very minute proportions ; the first named of which, 
as it is found in greatest quantity, seems, too, in the 
present state of our knowledge, to exert the greatest 
influence over the product with which it is asso- 
ciated. Indeed, the nomenclature and classification 
of the crude iron is, up to this time, mainly regu- 
lated by the respective proportions of carbon mixed 
in it. At one time, it was supposed that oxygen was 
also a component . part ; but this, which remained as 
a fragment of the phlogistic theory, has not been 
recognized in the later researches of the most accu-^ 
rate chemists. 

It still is to be regretted that these researches 
have not been carried to a sufficient extent, to fur^ 
nish us with any complete and accurate theory of the 
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differences^ readily discernible in specimens of diffe- 
rent or of the same stages of manufacture ; such as 
promised shortly to arise, when, in the latter part 
of the last century, the subject was illustrated by 
the philosophical labours of Monge, Yandermonde, 
and Berthollet* ^^ But their conclusions, although 
to « considerable extent founded upon ideas which 
were technically appropriate^ still did not embrace or 
account for several phenomena of manifest occur^^ 
rence, and besides proceeded upon the admission 
(as in the case of oxygen just now mentioned) of 
some erroneous remains of the former notions ; and 
it was reserved for Karsten, about the year 1816, to 
give a new impulse to the science of the Iron-manu- 
facture, by the annunciation of certain observations 
which he had an opportunity of making, connecting^ 
and to a great extent satisfactorily explaining, from 
the processes of the furnaces of Silesia, that were 
under his management So, he was among the first 
metallurgists to show that the graphite (or kish) 
accompanying gray foundry iron, was carbon only, — 
occurring it is true among impurities, but not, as had 
been supposed, a carburet of iron; -and following out 
the views which rested on this fact, he proceeded to 
explain and to confirm by analysis, the diflferences 
observable between the so-called tohite crude iron 
and grey crude iron, and thus to lay the foundation 
of appropriateness for subsequent additions or modi« 

" HU<. de TAcademle des Seiences : 1786. 
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(cations to his systetD. But it is not detracting from 
the well-earned reputation of this most practically 
learned man^ to say that a good deal yet remains to 
be done to bring together some still not perfectly 
coherent parts of his theory^ and by new and careful 
analyses to explore the operations and influences of 
agencies^ which^ in his published work at least^ he 
^oes not seem to have taken in account. He^ for 
instance^ rather repudiates the doctrine of definite 
proportions^ as it has been attempted to be deve- 
loped in the first sectioq of this chapter ; and with- 
out adopting which^ the science of metallurgy must 
continue to be retarded by the same causes^ that 
had been operative for twenty years before the ap-> 
pearance of his first edition. Also^ neither he nor 
any one since has yet examined with sufficient pains 
the electro-magnetic phenomena of Aggregation^ 
Crystallization^ and Aspect^ which belong to the 
union^ at certain temperatures^ of iron with the 
various substances that may connect themselves with 
the metal during the process of reduction. In most 
other regards^ his treatise may justly be considered 
as sustaining the base of the actual Theory of the 
Manufacture of Iron. 

My present business being not to furnish a treatise 
on iron-makings but only to indicate^ by way of Re-r 
port^ such observations as seemed to me principally 
worthy of being noticed by those who were con- 
cerned in the manufacture^ I have hitherto studiously 
27 
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ibdtained from long detaite : and its lengtk alreadjr; 
exceeding and almost frustrating my intentions, wans 
me still more to study an intelligent I»*evity* I shaU 
therefore not offer here any expositions of some yet 
incomplete inquiries and researches, upon the inte-» 
resting topics which I have just now indicated ; and 
shall only mention them again^ when they con^e in 
connection with other and better established potot% 
to which we shall find occasion to advert* 

It is admitted that there is no part of the iron 
manufacture^ upon which there is a greater want of 
iOBBont^ than in the classification and nomenclature 
of th^ different qualities of crude iron, produced in 
dil[erent establishments^ Almost every furnace- 
manager has his own ideas, which; not referable to 
any generally established standard^ are productive of 
this ill effect^ — that they do not allow the observa* 
tions and experiments^ made with a view of it& prae- 
tical application to other purposes^ to come under a 
strict analogy or unity. Hence^ as one reason, we 
have as yet no uniform statement of its qualities in 
a very important particular, I mean its elastidly and 
resistance ; points of great moment in its appliamce 
to architecture of various kinds. But this cam only 
be remedied in the extension of an accurate aad 
general theory. 

Under the names of grey, moOledy bright, and 
white iron, the founders irenerallv include a wide 
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range of qualities for merchantable crude iron; but 
the distinctions are still farther removed from exact- 
peas^ when^ as is the case in several establishments 
in Great Britain^ these classes are farther subdivided 
into No. 1^ No. 2^ etc. Some Works^ professing 
(and it may be attaining) great uniformity in the 
main aspect of their metal^ use only the latter men- 
tioned terms of division. It is obvious that in this 
case the entire classification becomes of a local 
character. 

It is probable that the characteristic difierences may 
be all comprehended in two classes^ grey and white; 
and that the other varieties observable^ are dependant 
upon a mixture of these two qualities in the same 
specimen, or^ what is the same thing, upon the alter- 
nate or irregular occurrence, during reduction, of the 
causes which would separately have produced grey 
and white iron respectively. I shall enumerate here 
some of the most important differences between these 
two kinds of iron. 

Their color is a manifest distinction : from which 
indeed they derive their respective names* The first 
QTgrey iron, is of a grey color, more or less dark 
according to the texture, which is always crystalline 
and reflecting a brilliant light from the facets of 
which the surface is made up. These crystals, as 
seen under a microscope, belong to the Octahedral 
system ; and present themselves under the primary 
forms of several of its classes. Their minuteness 
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renders their examination sufficiently tedious^ and 
accurate conclusions concerning them slowly to be 
arrived at — their maximum limit beings when cubic^ 
not above isSoo of an inch in linear dimension, and 
about 800,000,000 of a grain in weight. How far these 
are isomorphous with the ultimate molecules of the 
metal itself, remains to be determined. 

The other, — white iron, is of a silvery white color, 
in general resembling the factitious metal called 
Argentan or German silver, and also affected by 
the texture. This, which to the naked eye appears 
iamellar, is in fact not less crystalline than in grey 
iron ; only the crystals here are smaller, and seem to 
belong to the Rhombohedral system. They most 
frequently occur in six-sided prisms, sometimes con-< 
nee ted in fascicles by their sides, at others by their 
ends, in a sort of stellated or radiating arrangement. 
The white color of the mass seems to be mainly 
arising from these arrangements of particles; as in 
the other kind, the grey hue is probably produced 
by the position and interference of the crystalline 
angles and facets. This is the more probable, since 
when under particular circumstances (which will be 
hereafter spoken of) white crude iron is converted 
into grey, and vice versll, the color to a considera- 
ble extent is altered. It is not entirely changed in 
every case; and thus gives rise to a sub-division, 
which is known by the name of granular white 
iron. This has the same argentane color: but its 
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texture is an assemblage (like as in steel) of very 
minute Right Prismatic crystals^ whose position pro- 
duces on the light about the same effect with the 
laminae of the type. A similar change produces 
similar phenomena, in the sudden conversion of grey 
crude iron into white iron. 

The specific gravity of white iron is greater than 
that of grey. A specimen of white iron from Alais 
gave Dr. Schafh&utl a gravity of 7.582, that of water 
being 1. ; while the highest that I know of for grey 
iron, is 7.300. This may be accounted for, in part, 
by the more compact aggregation of particles in the 
case of the former. 

White iron is also harder than grey ; and pieces 
are sometimes met, which cannot be scratched with 
the file. Grey crude iron is sometimes malleable to 
a very small extent ; but the lamellar white iron, not 
at all. The granular white iron before spoken of, 
and which resembles very much the product called 
natural steel, has sometimes considerable malleability* 

As to extension by weight or pressure, the pheno- 
mena respectively resemble those produced under 
the hammer. Grey cast iron is lengthened, before 
breaking, too of its length, under a strain of 38,000 
pounds per square inch: but white iron, hardly at 
alL So when the weight is applied transversely, 
grey iron will shew a deflection, from the level of 
supports three feet apart, as great as 0.84 inch, be- 
fore breaking ; white iron breaks as soon as it bends. 
It is therefore more brittle. It is also more stiff. 
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But^ as might be expected^ it0 tohenve force is 
less* That of grey iron^ has been rariously stated : 
by Rennie^* at 19^072 pounds per square inch of sec** 
tion; by Brown ^' at 16,262 pounds per square inch, 
(these are the only direct observations;) by Tred- 
gold, ^ on inference from transverse strains, at 44,620 
pounds; and by Fairbairn and Hodgkinson^ (the 
mean) 36,570 pounds per square inch. Nearly all 
the specimens in these cases, were of the second 
fusion. The continental observers are Dot much 
more accordant : but I do not include any of their 
results, because there is always a question of the 
relative weights and measures employed ; otherwise 
in any special examination of the subject, they are 
entitled to at least equal consideration. In some 
experiments made by myself, the cohesive force of 
white iron, as deduced from the transverse strain, 
was found to be 34,830 pounds per square inch. 
The two classes, therefore, may be assumed as hav- 
ing a ratio of 35 : 40, in respectwe Cohesion. 

In the force to resist crtuhing^ however, white 
iron appears superior to grey. This kind of veshh 
tance, which may be called relative cohesion, in con*' 
tradistinction to absoUUe cohesion (or resistance to a 
force tending to pull the material asunder) can only 
be considered reciprocal with the latter, when the 

» PhO. Trans. 1818. 

•* Banlow : Strength of Materials : p. 905. Ed. 1887. 

'< Essay od Cast Iron ; 2nd Ed. p. 84^ saq^. 

<• Mech. Maf . May, 1889. 
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force applied is not great enougli to produce perm^ 
nent alteration. It is with this reservati<»i^ that the 
postulates and calculations of Mr* Tredgold are to 
be taken. 

The experiments of Mr. George Rennie upon this 
subject, being made upon iron of the second fusion, 
are not applicable to our present parpose* I will 
only obser?e, that Mr, Tredgold deduces from the 
experiments the crushing weight of 93,000 pounds 
per square inch — ^my own calculations have furnished 
me the mean of 106,300 pounds* 

M. Karsten has, however, experimented exlen*- 
sively upon this point, and with the same special 
riew. Some of his results I present here. The 
quantities are the mean of several specimens. 
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Hence, white iron is more suitable for pedestals^ 
short columns, and such objects as are required to 
bear great weights, in a uniformly perpendicular 
sense. A proportionate effect also, in different 
methods of treatment, ajipears to be indicated by 
these experiments. The difference between hori^ 
zontal and vertical casting^ was signalized too by 
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Mr. Rennie^ during his experiments just now quotect 
upon absolute cohesion. 

As to the adhesian (i. e. the measure of the force 
necessary to separate a solid and a liquid surface in 
contact) of iron^ I know of no experiments since 
those of M. Guy ton-Morveau ; which placed iron ia 
the ninth rank, and in which a weight of 115 
French grains (friction excluded) were required to 
overcome the adhesion of a circular inch of this metal 
to a surface of mercury. Groldy under the same cir- 
cumstances, required 446 grains. This subject ap- 
pears worthy of consideration, in connection with the 
crystalline forms of crude iron. 

In capacity for heaty white iron appears inferior to 
grey ; it is therefore fusible at a lower temperature. 
But grey iron becomes more fluid, at the same tem- 
perature above its proper point of fusion ; and takes 
longer time in cooling. Accordingly it is recognized 
as the most suitable for fine castings ; because it fiUtf 
more thoroughly all the small cavities of the mould, 
aind is longer subject to the hydrostatic pressure in 
pouring. The precise points of fusion, however, 

have not been ascertained. ^ 

« 

>* The fusion of cast iron has been usually stated at 18(K> of Wedgwood'r 
pyrometer, equivalent in the assumed scale to 179770 Fahr. But the mieer- 
tainty of the indications by this method are well known. 

M. Clement-Desonnes inferred, from compariton with the liquefiiction 
of ice, the melting point of cast-iron to be 8164^ Fahr. Mr. Daniell, in ezpe* 
riments with his blacic-lead Register-pyrometer, found the same point at MTtP 
Fahr.; but subsequently stated it as more probably about 2784|0 Fahr.— PiUl. 
O^rtlnt, 1880, pp. 260, 281. 1881, p. 452. 
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The mass of both kinds occupies less space in 
fusion than when yet solid at high temperatures. '^ 
Hence an allowance (generally one-eighth of an inch 
per foot) has to be made in the dimensions of the 
patterns^ from which objects are required to be 
moulded and cast. But the dilatation in becoming 
solid^ is less with white iron than with grey* In the 
former^ it rarely reaches 95 in linear measure ; in the 
Fatter^ it is sometimes « in each of the three dimen- 
sions. Analogous differences hold good in the bar- 
iron^ manufactured from the different kinds respec- 
tively; — ^a circumstance^ which does not appear to 
have been yet taken into account in the experiments 
on the expansion of this metal by heat. 

Such are the principal physical characteristics of 
these two kinds of crude iron. 

Their chemical differences are much less easily 
detected; some of the elements (as for instance^ the 
altered carbon in white cast iron ) being very difficult 
of precise separation. 

Nor have chemists^ until comparatively of late 
times, applied themselves to the analysis of this sub- 

17 This anomaly (for the general law of heat ii to expand propoitionttely 
all bodies in which it is introduced) seems to be owing to the ciystaUization of 
the particles, upon the cooling of the mass. The same effect is observable in 
water; which occupies more space at 82^ F. (when crystals commence to 
be formed) than at a higher tempermtore of 894^ F. Some other substances* 
likewise thermo-crystalline, ezhiMt tfaesaipe phenomena; such are sulphur, 
antimony, zinc, and bismuth. 

28 
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stance^ the extent and value of whose practical use 
do not, fortunately^ depend upon an exact acquun^ 
tance with its chemical constitution. 

I shall present here some analyses of crude iron, 
from M. Berthier and M. Karsten; in which only 
the proportions of the impurities are given* 

Table shewing the elementary aaaociatUms of differeid epecmem ef 
Crude iron ; w parte per cent, of the Maes. 



Ctrbon: . . 
Silieon: . . 
PhosphoruB : 
Magnesiam : 
Manganese: 



Whits-Ibon. 



CHABCOAL. 



Leke- 
1 



8.9 
0.5 



0.2 



4.6 



9.2 



8. 
DUei. 

2 



8.6 
0.4 



4. 



diS: ^^ 



8.6 
0.5 
0.7 



4.8 



8.5 
0.5 



5.2 



9.2 



Hann 
5 



5.1 
0.6 



4.5 



10.2 



Obxt-Iron. 



CHABCOAX. 



Hamm 



6 



4.4 

1.8 



7.4 



18.1 



^ . i 
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felow. 

7 



2,6 
0.4 
8.1 



2.8 



8.9 



Forts. 

8 



1.9 
0.2 
5.6 



0.9 



8.6 



COKX« 



Cbai^ 8ta^ 
tarol. fiDtia. 



9 



2.8 
8.5 



10 

2.2 
2J 



6.8 ' 4.7 



The analysis of No. 1^ from Lekeberslag in 
Sweden^ is by Berzelius. He considers it to be 
inferred justly^ from the exactitude and precautions 
of this experiment^ that crude iron contains no 
oxygen. 

No. 3^ from Tredion near Vannes^ is very brittle ; 
it can only be employed for ballast. 

No. 4^ from Lohe in Siegen (duchy of the Rhine) 
is produced from a sparry carbonate, that also fur- 
nishes a natural steel of great reputation. Accord- 
ing to an analysis of M. Karsten another sample of 
this iron contained, 4.9 per i of combined carbon^i 
and only 0.2 per % of free carbon. 
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Nocr. 6 and 6^ from the furnace of Hamtn^ which 
has been already mentioned^ are given to show a 
direct comparison between the white and grey iron 
of the same works and under the same circumstances. 
Of carbon, it is seen the former contains the most : 
but M. Berthier's remark 9^" that ordinarily crude- 
iron containing manganese is white and lamel* 
lated^ does not seem borne out by these analyses. 
M. Earsten^^ assures us^ that grey iron produced 
from manganesian minerals^ contains generally tnare 
manganese than white iron from the same mate* 
rials. 

The analyses of Nos. 7 and 8, are by Karsten i-^ 
the' former from Torgelow in Pomerania before 
mentioned^ the latter from the county of La Mark. 
Both are produced from bog-ores, and are cold- 
short. 

No. 9 is from Charleroi in Belgium^ and bears the 
character of the best foundry-iron on the continent 
of Europe. 

No. 10 is from Staffordshire^ and called by M« 
Dufr^noy^ fonte noire. It is considered as belonging 
to the class of the best English foundry-iron. 

We may remark in both these last, the small 
quantity of carbon, which they contain; and M. 
Berthier has indicated a similar notice as to their 
proportion of silicon. I subjoin in a note some other 

!• Voie-Seche : torn. ii. pp. 272, 278. 
» Metalltti^e de Fer: torn. i. § 289. 
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remarks of the same authority^ which may be read in 
connexion. * 

The proportions of carbon in the means of the 
respective classes as detailed in the foregoing table^ 

are for White-iron : • . 3.94 caibon per 100 
Grey-iron : . . 2.68 do. per 100, 

and appear to warrant the conclusion that white 
crude iron contains more carbon than grey. 

Even if we leave out of the summation for the mean 
the last two specimens^ so as to compare products 
from charcoal only^ we shall still have a proportion 

for Grey iron : . • 2.97 caibon per 100, 

which is below that for white iron ; and if we omit 
entirely Nos. 1^ 2^ 9 and 10^ so as to have pre- 
sented the greatest similarity of constitution^ the 

*o <Coke-in>n is not mote charged with carbon, than charcoal-iron : but the 

4 

former is rather characterized by the presence of silicium (or silicon). It 
seems, however, that as an excess of caibon destroys the properties sought lor 
in steel, so an excess of silicium in coke-iron does away with the tenacity 
which this substance, when in proper proportion, communicates to the metal. 
Under certain conditions, this excess of silicium may be removed by submit- 
ting the -crude iron to a second fusion.' — VoU'Seche: torn, n. p. 274. 
. This chemist has not stated what should be considered an excus: otherwise 
it is well known that a quality (called by Dufrenoy No. 8 Foundiy, but more 
generally designated as No. 2) which is supposed to contain more silicon than 
the f<mU noire^ is uniformly taken in cases where strength is required. The 
No. 1 of M. Dufrenoy, is tenacious in a comparatively low degree ; but that 
arises fiom other circumstances than the presence of a greater or less amount 
of silicon. 

M. Karsten professes to have ibund 0.87 per ^ of silicon, diminishing con- 
siderably the tenacity of crude iron. This does not agree with the usual 
opinion or practice.— Jtfeiatt. iU Fer : torn. i. f 260. 
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means of an equal number of the respective classes 

will be White-lion: . . 4.07 carbon per 100 
Grey-iron: . • 2.97 do. per 100. 

We may therefore safely assume that in average 
constitution^ the proportions of carbon in the two 
classes^ are as four to thrte^ respectively. 

Again, it appears that carbon exists in white iron 
in a different state^ from that which distinguishes it 
in grey iron. With the latter^ there is always found 
more or less frtt carbon, in powder or a state 
resembling natural graphite. In the former, all the 
carbon is combined with the iron.*^ This appears 
from the analyses of M. Karsten, an abstract of which 
I give below. Their object was to ascertain the 
proportions of the altered or combined carbon, and of 
that graphitic substance^ which (so far as its con- 
nexion with iron is concerned) may be considered 
as unaltered. 

Table shewing the condUiona of combination of Carbon in some 
specimens of Crude iron, in parts per cent, of the Mass. 



Combined carbon : . . . 
Free or unaltered carbon : 



ORST-IRON. 



0.89 
3.71 



4.60 



1.03 
3.62 



4.65 



8 I 4 



0.75 
3.ir. 



0.58 
2.57 



:).90|3.I5 



5 



0.95 
2.70 



3.65 



WHITS. 




•* This u of course to be UDderttood, as applying; only to the analysis of a 
bomogeneous specimen of white crude iron. Many specimens, called white 
iron, in practice frequently contain a mixture of grey iron irregularly diifused 
through the mass ; and, if not preyioualy examined with a microscope, lead 
Id erroneous conclusions. Such is the specimen No. 6 on this page. 
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No, i was a specimen of grey iron from the e6tal>* 
lishment of Sayner near Coblentz. The ore was a 
brown haematite. 

No- 2, from Widderstein (Siegen) was a grey iron; 
produced from a mixture of sparry carbonate and 
brown haematite ores. 

No. 3, from Malapane in Upper Silesia ; ore not 
known* AH these were made with charcoal. 

Nos. 4 and 5 are from Eonigshutte in Silesia^ 
produced with coke. They are denominated very 
grey iron; and with regard to No. 5^ it is noted 
that the heat of the furnace was not kept up to the 
same degree^ as in the production of No. 4. No. 6 
is from Lohe ; and No. 7 was a specimen of white 
iron^ in which a large proportion of combined carbon 
existed^ but none unaltered. 

This last specimen^ M. Karsten considers an ex- 
ample of carbo'Saturation ; inasmuch as exposed^ 
during a long time^ under sufficient heat^ to contact 
with lamp-blacky its weight was not found to be in- 
creased : and he announced it to consist of ttto atoms 
of iron, united to one atom of carbon. With the pre- 
sent system of equiyalents, however, 6.3 per cent, of 
carbon would indicate four atoms of iron to one of 
carbon (Fe*C); and if we were to consider this as 
the atomic constitution of the percarburet, its pro- 
portions would be 

Iron: . . . 94.92 
Carbon: . . 5.06 

100. 
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But M. Berthier has shewn that carbon will unite 
with iron in all ratios^ as high as three atoms of the 
former to one of the latter (FeC^); and the compo- 
sition of such a carburet wiU be^ very nearly^ 

Iron: • ... 60. 
Carbon : . . . 40. 

100. 



This compound (FeC^) is undoubtedly of a phy- 
sical character quite different from that of crude 
iron ; nevertheless in view of what has been said^ and 
especially our want of knowledge of the influence 
exercised by the other elementary constituents over 
the mode of union of these two principals^ it does 
not appear that we are warranted as yet in assigning 
any definite point of saturation. 

The latest examinations into the subject of the 
different combinations occurring in crude-iron^ are 
those of Dr. Schaf hautl of Munich ; who in a paper 
communicated to the London and Edinburg Philo- 
sophical Magazine for December^ 1839^ advances to 
the following conclusions. 

I^. That graphite does not require for its forma- 
tion such high degrees of temperature^ as had been 
supposed by M. Karsten. The latter metallurgbt 
drew his conclusion^ from the circumstance that grey 
iron (and still more in proportion very grey iron) is 
only produced^ when the temperature of the furnace 
is highly elevated ; although this is not fully borne 
out by the analysis No. 5^ in the table on page 221^ 
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in which there is a notable increase of frtt car- 
bon^ though the heat was less. Dr. Schaf hautl be- 
lieves, he has established the generation of graphite 
at a temperature not exceeding 1500^ Fahr. He 
does not controvert the general fact of grey iron 
being usually made when the furnace is working 
^hot ;' but accounts for it, from the necessity of an 
extraordinary intensity of heat to effect the reduc- 
tion of a portion of aluminium, which he considers 
an ingredient of grey iron. 

2^. That graphite, as produced in blast-furnaces, 
is of two kinds ; one containing a silicate, the other 
a carburet of iron. 

3^. That with these varieties, the base of both 
kinds is not entirely carbon, as had been determined 
by Bouesnel and Karsten, but properly a carburet of 
silicon ; — at least in its conditions of existence in the 
mass of crude iron. 

4°. Finally, that these views, resting upon careful 
chemical analysis, connect themselves with the gene- 
ral notion of the composition of crude iron, and give 
rise to a new set of elementary distinctions between 
its two classes ; as illustrated in the following para- 
digm: 

G&BY-IKON. 

^.,. * I Silicet and Alu- 

Sihcon : . > - l c r 

I minet of Iron. 
Aluminium: J 

Carbon : . ) Catbuiet of Sili- 
Silicon: • ) con. 



WHITE-IROK. 

Iron : . . "^ Carburet of iioo, 

Carbon : . > (Cyanuret of 

Nitrogen: J iron?) 

Silicon : . ) Carburet of Sili- 



;:1 



Carbon: . S con. 
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The expression of these views^ assuming thsK 
future analyses will confirm and verify those on 
which they rest^ opens up without doubt a new and 
fertile field of inquiry and success; but it cannot be 
expected that all the inferences^ contained in and 
flowing from the principal points which I have exhl* 
bited above^ should be admitted at once as a sound 
inductive theory. It is to be regretted too^ that firom 
some cause the exposition^ from which I have drawn 
the above conclusions^ is not expressed with all that 
clearness which is necessary for its establishment^ or 
even to do itself justice ; but this may disappear or 
be remedied^ hereafter. 

Some of the physico-mechanical efifects of heat 
upon crude-iron have been already mentioned ; the 
chemical changes are not less remarkable^ though 
they cannot be so distinctly traced or accounted for. 
I shall here notice some of the principal of them. 
- 1^. Whenever grey iron, either of the first or 
second fusion, is cast in moulds or chills (and the 
same thing may be affirmed to a certain degree in 
the use of wet sand,) the texture of that part of the 
mass nearest the chilling surface, is found altered 
from what it was before ; instead of being granular it 
is now lamellated — it is in short white or high*^ iron. 

n From the similarity in fleyeral particulars between steel of cementation 
and white iron, this term {kigh) which was originally applied to the degMe 
of coaTeiaion of the former substance, has been taken to signify in cnide iron^ 
a grade of what we have hitherto called whitenm, 

29 ' 



And this change 19 produced in greater degree^ the 
more sodden the cooling maj be. If the grey iron 
be suffered to cool dovn from a state oS fusion to a 
dull red beat, and be then suddenly cooled by im* 
mersion in water or otherwise, an analogous ettsct^ 
though in a converse way, will be obswved. The 
e&teraal portion (except a very minute filament or 
dtin) win remain grey iron, having its usual colm 
and crystalline structure ; while the internal nucleus 
wilt be found converted into white iron« It may be 
supposed in this case, that the interior was yet in a 
State of fusion, while the exterior was at a red-beat; 
and that the crystallizing tendencies, which were 
allowed to operate on the outside particles, were 
defeated or disturbed on the inside. It may be 
stated then, generally, that sudden cooling promoter 
Ibe conversion of grey iron into u^U^p 

2^« And if white crude iron be exposed to intense 
heat during a second fusion, and then left to cool 
gradually and skmly, it is, as is well known, con- 
verted into grey iron ; so that it may likewise be 
stated, that slow cooling is necessary for the formar 
lion of grey iron from white. 

S^« It is not less so for preserving^ during tecend 
fusion, that which was before grey» It tberefor0 
seems that the difference between the two kinds, sq 
fhf as the effects of heat are a test, is in crysiaUide 
tendencies and action; and that they are^ by the 
application of proper means^ reeiprocaltf eonvettiUe 
into one another. 
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' 4^. There are womt exceptiow and pecoUariflcHi 
ta be noticed^ bowerer^ in regard to this last state* 
ment ; such for instance, as that some kinds of grej 
mm will not become white, bj sudden cooling from 
the ordinary treatment of a cnpola* 

This may be accounted for, if we assume that 
these are yaridos ratios of combination between iron 
tad carbon ; and that of these polycarburets, some 
are more, and others less, fusible or alterable. It also 
will be admitted, that in many cases the play of elec** 
tire affinities is better promoted by time and constant 
inflaeBce, rather than by a momentary exhibition of 
an intense energy. Therefore for such iron, an air 
fiirnaee would be better than a cupola — there being 
a longer time, and more uniform heat, and in foct m 
greater quantity of heat, in the former than in the 
latter ; and so, a greater likelihood of the free carbon 
being fused and thus entering into combination witk 
the iron. I do not know that any analysis has been 
made of metal presenting this peculiarity, so that 
we are without means to determine what share other 
associates besides carbon, may have in producing it« 

Another peculiarity in this regard, is that grey iitm 
DMde with charcoal is more easily made white under 
sodden cooling, tlmn similur iron produced witk 
coke* This is Buppostd to arise from the greater 
fusibility of the product, (in which there is generally 
more free carbon) as well as from the ingredients 
themselves — whose crystalline affinities appear to be 
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different. No potasrium has hitherto heen found in 
either of the solid products of a furnace : and since 
the quantity which can be gathered (after a furnace 
has been blown out) on the tymp, does not account 
for all that went in among the materials, it has been 
found necessary to suppose that the remainder has 
been volatilized and passed off among the gases at the 
trundle-head. But from a miscroscopic examination 
of -some specimens of charcoal-iron which possesied 
the peculiarity mentioned, it is by no means certain 
that a minute portion of this alkali may not unite 
itself with the iron, and thus communicate to it its 
different crystalline form. 

: 5^« I will only remark upon one other pheno- 
menon of crude iron subjected to high temperatures ; 
which is, that while grey iron, heated in contact with 
air to a point just below fusion, becomes very little 
more malleable than before, (and indeed under cer- 
tain circumstances a high temperature seems to 
diminish its malleability,) white iron becomes very 
ductile. Again, heated without contact of air, grey 
iron remains crude and grey, according to the tem- 
perature it has sustained and its period of cooling ; 
while white iron (though containing more carbon) 
assumes, under the same circumstances, a mechanical 
arrangement and qualities strongly resembling steel; 
in so much that it can be tempered, enough to take a 
sharp edge« It is supposed that these changes are 
not dissonant with the views before taken and here- 
after to be expressed, of its constitution. 
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The magnetic and electro-magnetic properties of 
Iron^ which are among at once the most curious and 
the most useful phenomena of its nature^ have not 
yet been developed in all their extent ; and as the 
experiments hitherto conducted have been princi- 
pally made upon bar iron and steely the peculiarities, 
in this respect of the different kinds of crude iron 
are not known^ so as to subserve any useful purpose. 

What is known^ however^ may be summed up in 
the following particulars: 

1^. Grey iron is acted on by the needle^ with 
more violence than white iron: but the magnetism 
impressed is not so permanent. 

2^« In this regard^ white iron presents a strong 
resemblance to tempered steel ; which is slower to 
acquire magnetism than bar iron^ yet preserves it 
undiminished longer. 

3^. Grey iron made white by sudden cooling^ ex- 
hibits analogous phenomena to crude iron originally 
white : so^ steel whose temper has been taken out by 
slow cooling^ approaches in its magnetic characteris- 
tics to bar iron. 

4^. In bar iron of purity^ no change of properties 
in regard to subsequent magnetic affection^ appears 
to be induced by sudden cooling or otherwise. 

5^. The inference may be drawn from these obser- 
vations, that the mode of combination only, of carbon 
with the metallic iron, affects the permanence of in- 
duced magnetism ; and generally, in proportion to its 



tmottiit) tfaftt fttt carbon (like other iaiptirittes) 
iiQureB ntgnetic permanmoey though not necessarily 
Doftgnetic inteniity : aDd that this last particular is in 
inverse proportion to the quantities of carbon. 

Such are the ettipirical conclusions opon this sub* 
ject« In theory^ both the intensity and permanence 
of magnetic currents appear to depend on the po- 
larity and crystalline form of the molecule of the 
mass* This is recognized in the difference of mag- 
netic effect between hard tempered and soft steel; 
as well as between steels tempered to different de- 
grees of hardness : the crystals of all of which pre^ 
sent different shapes^ induced by different degrees 
of tonperature. There is no doubt^ tob^ that the 
quantity of combined carbon also would sittbti this 
polarity. 

Mr. Scoresby has shewn^ in a mall tract recently 
published^ ^ how by observation of angular deviations 
(and equally by the twsion-balance of Coulomb) a 
9cak of fMyer may be established for all kinds of 
steels* I have, so far without success, endeavoured 
to apply a similar method to the establishment of a 
scale of combined carbpn. Should it M altogether of 
its ultimate object, it seems however quite applicable 
to determinoi in the case of crude iron, the degree ^ 
ten^rature which existed in the furnace at the time 
of production-«a point of importance, difficult to 
be ascertained in any other way. I shall take 

^ Mignetical lAvestI|^tioni ; Part I. London, 18». 
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another occasion to lay before 'the furnace-masters 
the method which I parsae for this determination^ 

Finidly^ abstraction being made of the impurities^ 
the main differences of the two kinds of crude iron 
seem^ in the present state of our knowledge^ to be 
connected with the amount and mode of combination 
of the carbon with the metallic iron : and with the 
changes of polarization and crystalline form^ to which 
this combbation under various circumstances may 
gire rise. We can trace these changes, from the cubic 
aad granubr aggregation of grey iron^ up througll 
the minute prisms of white iron of the second fusion, 
to the fascicular or stellated arrangement in white 
iron of the first fusion. Mainly^ they are to be attri-^ 
bated to the different degrees or yaristions of tempe* 
rature^ whkh prevailed in the furnace at the time of 
fusion or production : but also^ in some extent, to the 
presence of foreign substances, which tend to form 
with iron and carbon aUoys and multiple salts,-*-eadi 
having their own peculiar electric affinities, which 
they manifest according to circumstances by differ 
renoes and peculiarities of cohesion and efaisticity, 
capacity for heat, and the mperinduction of magnet* 
ism: so that whoever wishes to consummate tJb# 
inductive theory of Iron-Metallurgy, wiU have ta 
begin by a thorough study of the influence of the m 
called impondoabie agimts,. upon these several aUoytf- 
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Sec. 4. Gateaut Mderiab and ProducU; acarngMmying the fotr^ 

motion of Crude hron. 

It was stated on page 168, that in practice, with 
the coke furnaces in Wales, about nineteen tons of 
atmospheric air were required for the production of 
€fM ton of crude iron. I propose to inquire briefly 
in this section, how far this approximate practical 
statement rests upon a principle of general application 
to the case of any combustible (raw coal, cokis, char* 
coal, or torrefied wood) that may be employed for the 
same purpose, and also to indicate such peculiarities 
as are found to attend a modification of this supply, 
as regards either Quantity, Density, or Temperature. 
The considerations pertaining to the mechanical 
adaptations by which the supply is regulated or kept 
up, are too extensive to admit of a discussion here ; 
therefore this part of the subject, although of great 
interest to the metallurgist, will not be mentioned, 
except when some important phenomena appear to 
be connected with a peculiarity of mechanical ar- 
rangement. 

L The object of the supply of air at all, being 
entirely to produce a particular mediate effect^ the 
quantity of effect desired to be produced, will, of 
course, become a measure of the quantity of air sup- 
plied. And this measure is ascertainable^ by tracing 
carefully th6 immediate effects that attend the sup- 
ply. The first of these^ is the maintenance of com- 
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bustion ; which could not be kept up^ otherwise than 
by the consumption of the oxygen^ one of the atmos-^ 
pheric elements: and another^ the property which 
this element has of combining with the carbon in 
the coal during combustion^ and after contributing, 
to alter materially its physical state^ carrying it off 
through the chimney of the furnace in the shape of 
a light gas. It is therefore^ in fact^ by the admission 
and subsequent decomposition of air^ that three- 
fourths of the vast quantity of solid coal which is 
continually being put in the.fumace^ is got rid of in. 
the easiest and most silent manner. An important 
modification of this last indicated property^ is that the 
combination of the oxygen witl^ the carbon takes 
place always in certain definite proportions ; and we 
are^ from this circumstance^ furnished at once with; 
die means of determining arithmetically the quantity 
of air to be furnished to a furnace^ whose diarges of 
combustible are known. 

Two proportions of combination between oxygen 
and carbon are at present recognized ; one^ forming 
carbomc aeidj and the other^ oxide of carbon. But 
as the first always takes place accompanied by the 
deyelopement of more heat^ and^ without requiring 
more of the combustible^ only demands more oxygen^ 
it is the one which for economy's sake should be 
always aimed at^ and the supply of air therefore 
regulated accordingly. 
30 
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An eoBj rale can . be given to find tliis rapplj : 
Take one^fiftk tf the weight in potrnde of aU the 
charges of the combustible {either diarcoal or coke) 
Airing one turn of twehe hours; the quotient is Me 
number of cubic feet of air, under the pressure of f A« 
atmosphere, to be furnished in one minute. 

Thus^ in the case mentioned on page 124^ the 
nnmber of charges per turn was^ on an avwage^ 
thirty^fiire^ weighing 500 poands each: combining 
ftese numbers according to the rale^ we then have 
85 K 600 X J = 3500 cnbic feet per minute ; the 
same as derived from the rate of the engine. 

Bj the same rule^ the allowance for a charcoal 
fumrce making 4 tons in the twentj^four hours^ with 
the proportion of charcod stated on page 180^ would 
be 946 cubic feet per minute. 

This allowance is stated^ as the quantity to be 
fiimished. The quantity actually required to con- 
vert all the carbon into carbonic acid^ ^ will be to 
the quantity furnished^ as the weight of pure carbon 
m the combustible^ is to the gross weight of said 

m If we can P,tl|« wtfi^ in poa#<Uof puM tubtm ia tfetft ^tmbntSblft ; 

Oa the di e mical e^nleut of the atom pf oxjr^n (hjdiio^eii beinig 1); Oi the 

proportion per cent, of oxygen in the atmosphere ; C, the equivalent of car- 

boftt ; 10, the weight of a eiibie foot of air at the mean tempefatureaBdt.deiMHff ; 

fMl4 7p>, thfft ^umbep? pf nnnotea in 12 h^art ; we shatf have 

OP 0.275 OP ^ .. ^^^ ' 

MTRJiS CO^^ = iithetyanlityofair 

necessary, through an entire turn, to convert aU tbe oarboa i#o carbefic acpf 
gas. 
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combnfltible. For coke furnaces^ the nett weight of 
carbon la about 75 per c^it of the coke charged; 
for charcoal^ made indifferently from all kinds of 
wood, the same proportion is 90 per cent^ 

Taking these average numbera, the consumption ot 
air is given precisely^ if we muUiph/ the gross weight 
in pounds qf the coke charged in twelve haurs^ by 
the nmnber 0.157; or if charcoal^ by the number 
0. 188—^ the number qf cubic feet per minute. 

In the case of the coke furnace just mentioned^ 
the consumption is found in this manner, to have 
been 2747 cubic feet, out of 8500 supplied ; and for 
the charcoal furnace, 889 instead of 946 cubic feet. 

This excess is necessary, in order to provide for 
the discount which is to be made from the calculated 
duty of the blowing machine, on account of waste at 
the tuyeres, leakage, loss of force from great length 
of pipe, from elbows, and from irregularities in the 
bore, etc. etc» The best executed cast-iron bellows 
will not actually furnish more than three-fourths of 
their theoretical supply ; while in many, it will not be 
more than one-half. The excess would, in fact, have 
to be greater, were not a considerable quantity of 
oxygen furnished by the solid materials ; which, separ 
rating, helps to support the combustion. Although 
therefore the preceding rules are applicable' gene- 
rally without notable error, in order to be exact, it 
is de«rable in every case to ascertain the constitu^ 
tion (or at least the amount of oxygen) of all the 
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materials; withoat knowing which^ a calculation 
might in some cases lead to erroneous conclusions 
We will now see how far the considerations here 
presented apply to an actual case ; which has already 
furnished quantities for some of the preceding tables. 

m 

It was supposed in the calculations for a furnace 
about to be built, that it would carry forty charges of 
500 pounds to a turn ; and the approximative quan- 
tity of air thence deduced (according to a rule similar 
to the first preceding,) was required to be 4000 cubic 
feet per minute. The blowing cylinder (of cast-iron) 
had, with a diameter of 5 feet, a horizontal double- 
acting stroke of 8 feet ; and running at the rate of 
13 revolutions (or 208 feet) per minute, furnished 
theoretically 4084 cubic feet in the same time. 
From observation, and comparison of its structure, 
And the arrangement of long and frequently bent 

pipes leading the air into the furnace, the productive 

»• 

effect of the machine was rated, as nearly as possible, 
at \ of its above calculated result ; and so, to supply 
^723 cubic feet per minute. 

The ratio of the weight of all the air supplied in 
one turn, at this rate of 2723 cubic feet per minute, 
to the weight of all the coal supplied during the 
same period, (allowance being made for the actual 
density of the air as supplied,) is expressed in the 
table (page 189) by the numbers 260 : 2000; and 
becomes, in this mode of expression, suitable for the 
Calculation of the absolute chemical affinities, to 
which we have now progressed. 
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Hiese 2000 parts of air contain^ as shewn in the 
table; 460 parts of oxygen ; while the total quantity 
of carbon^ as derived from all sources^ is 239.1 parts. 
To form carbonic acid^ there is required to be pre- 
sent 2s parts of oxygen for every 1 of carbon ; and 
it is therefore manifest^ that except for the addition 
of oxygen from other quarters^ there would not be 
enough to saturate all the carbon in the furnace. 
But this addition is always afforded. In the present 
case the total quantity of oxygen was 665.9 parts ; 
of which; as shewn in the table of recomposition^ 
(p. 191;) 59.8 parts went to the constitution of the 
cinder; leaving 606.1 parts to form carbonic acid 
with (239.1—2. 3) 236.8 parts of carbon. Even 
thiS; however; was not quite sufficient ; and therefore; 
(as was also visible in the appearance of the flame at 
the trundle-head; consequent upon every fresh charge 
of combustible) a certain quantity of carbonic oxide 
was formed; of course to the disadvantage of the 
working. By applying well known methods of cal- 
culation; it was ascertained that for every 36.30 parts 
of carbonic acid by weight; there was also produced 
3.17 parts of the oxide of carbon ; or, what amounts 
to the same thing; of the whole quantity of carbon- 
gas produced; 92 per cent, was carbonic acid; and 8 
per cent, oxide of carbon. ** 

» Without an tnalytit, it coald not, of coane, be ajserted that these were 
the eonstituent proportions of the gas. All that the calculation shews, is that 
the elements were in sufficient quantities to produce the compounds indi- 
cated : and that -the existence of such quantitiea is in some degree conneeted 
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' 1 hope I llaye now flucceadtd^ in mainng pkda the 
principles^ upon which the quanUUy oi air gupplicdj 
effects the working of furnaces. The modifications 
arising from there being always formed, doring 
tombustion, some other products besides the two 
principal ones just mentioned, do not appear of suf- 
ficient extent to require being treated of here. 

IL In speakings of the proportionate weights of 
the combustible and the air, supplied in a given pe« 
riod, it was remarked that an allowance was made bj 
the calculation for the actual density of the air ; and 
this brings us to a consideration of that particulari 
Which is idso intimately allied with the preceding. 
Evefy one knows that in the mechanical arrange^ 
ments about a furnace, there is always some part of 
the machine (generally the regulator,) in which the 
blast becomes, as it were, packed and condensed ; and 
the meafiure of its condensation, is its ability to raise 
a weighted vahe of a known area* This area is 
generally, with the American furnaces, expressed in 
0quare inches ; and the elastic force of the air vb so 
Inany pounds per square inch» In Wales, they fre* 
quently apply a more convenient method-^— the mawh 
meUfy or mercurial gnage ; by which the elastic force 
above the pressure of the atmosphere, is shewn in 

with the favorable working of the foroace, was shewn by the &cC that ai 
additiooal supply of oxygen, furnished by increasing the number of strokes 
is the blowing cylinder to fouiteen per minute, produced a notable effect. I 
diBaot ttndertake, in the limits of a note, to reconeile this well-obsenred fiict 
Willi the rasolt of acne aiMilyset that will be gi?eo bamailer. 



280 

iaohiet of the Ui^b* oQnUiniQg tbe n^rcury^ wd ip 
commoDly expreesod wb a jw/for of bhU of so many 
inches. 

The condensation does not arise from the differ- 
ence between the supply and the discharge^ or the 
excess of the former above the latter, so much as 
from the prppdrtionate dimensions of the receirixig 
and discharging pipes. After the regulator has been 
filled by a certain number of strokes of the bellows^ 
all the air that is thrown in, has to pass out. But 
what oomes in^ enters by a pipe (it may be) sixteen 
inches in diameter^ while it is carried into the furnace 
through a nozzle of three or four inches ; so that^ as 
equal volumes have to be led through both pipes at 
regular intervals, the air has first^ to squeeze itself 
down to suit itself to the reduced aperture^ and se- 
condly, to pass out with a quicker succession of par- 
ticles (or, in other word^, to move faster) in order to 
avoid any extr^ne alteration of its natural state. The 
meawre of the first of these expedients, is the den- 
sity, — ^that of the second, is the vefocity of the air ; 
and in the same apparatus, these bear a constant and 
reciprocal relation to one another, as well as to the 
quantity supplied. 

This will be apparent ia the examination of tht 
following table, which I prepared some time since, 
wkh great care, for another purpose; and whose 
practicat accuracy is as much as the delicate caoseB 
«nd effiecis tbat Mi to be intestigated, will /bMo^. 
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theuring the VdocUf and QuantUy cf di$charge 
a Resarvoir, mbjecUd to variaua preuwrea. 









qVANTITT 




niMuu. 


TXLOCITT 


ill cubic fiwt per 


WSIOHT 






in fe«t 


minute: throuch 
a nozzle 1 inch 


in pound! 
per minute. 


iDcbet of 


Poundipw 
«q. iacn. 


ABA B^w* 

per second. 


mercury. 




diameter. 




0.0^6 


4 oz. 


60.92 


18AI 


1.431b. 


0.126 


Alb. 


86.07 


26.20 


3.02 


0.25 




121.47 


36.97 


2.86 


04S 


\ 


171.08 


62.07 


4.07 


0.76 


1 


208.67 


63.51 


5. 


1. 




239.98 


73.04 


6.80 


1.26 




267.2.3 


81.33 


&51 


1.5 


\ 


291.57 


88.74 


7.16 


1.76 


3iae9 


95.47 


7.76 


3. 


1 lb. 


334.04 


101.66 


8.33 


.5 


li 


370.68 


112.ra 


9.38 


3. 


4 


402.87 


l%t61 


10.36 


A 


If 


431.89 


131.44 


11.27 


4. 


St 


468.30 


13948 


18.14 


.5 


2* 


482^7 


146.86 


12.97 


6. 


^ 


605.02 


153.70 


13.77 


.6 


3f 


626.92 


160.06 


14JS5 


6. 


i^ 


546.48 


166.01 


16.30 


A 


3i 


663.86 


171.61 


lft03 


7. 


^ 


681.18 


176.88 


16.75 


A 


3f 


597.56 


181.86 


1746 


8. 


? 


613.07 


186.68 


iai6 


.5 


^ 


627.83 


191.07 


18.83 


9. 


4 


641.87 


196.36 


l9Afi 


A 


4* 


665.27 


19943 


90.17 


10. 


5. 


66S.08 


203.32 


20.82 



The first column of this table contains the pressure^ 
as indicated by the manometer before mentioned; 
and according to wbich^ the other quantities have 
been rigidly calculated. The second contains the 
corresponding indications in pounds and fractions per 
square inch ; assuming 30 inches of the barometer to 
be equiyijent to }5 pounds per square inch^ as it is 
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very nearly* TBe captions to the other columns ex- 
plain themselves. It is further to be noted^ that the 
calculations have been made to correspond to a uni- 
form temperature of 57^Fahr.^ which is about the 
average in Maryland^ and to an atmospheric density 
of 30 inches of the barometer. If greater exactness is 
desired^ so as to suit the actual stand of the barome- 
ter for any particular case^ it can readily be deduced 
by interpolating the columns of quantities after thie 
usual methods. The allowance to be made for a dif-^ 
ferent temperature from 57^ Fahr.^ is not so easy of 
application^ without a longer explanation than would 
be either fitting or necessary. 

Besides the connection in which this table is pre- 
sented^ it may also apply to a practical purpose of 
some interest^ — ^the determination (more accurately 
than in any other way^ except a special and minute 
measurement and calculation for every individual 
case) of the quantity of air supplied to a furnace^ 
deduced from data very easy of observation. For 
this purpose^ the numbers in the fourth column are 
given^ including all the allowances and discounts 
which^ experiment has shewn^ have to be made front 
the strict theoretical result: and to apply them in 
any case^ in which the pressure in the regulator (or 
in the blast pipes^ not far from the furnace^) and the 
diameter in inches of the nozzle to the tuyere-pipe 
are known^ we have only to enter the second column 
for the given pressure in pounds, ranging toith which^ 
31 
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in the faurthy U a quanUiiyy that nmU^^d hy the 
square of the diameter of the nozzle in inches, gicee 
the actual number of cubic feet blcum per minute. 

ThuB^ suppose a case of a charcoaKfurnace blown 
lato^ under a pressure of U pounds per square incb^ 
through a nozzle of 2i inches in diameter ; we have 
from the table^ U2.78 X 2i X 2i = 571 cubic feet 
per minute. This is the quantity actually passed 
through the tuyere. Under the same pressure^ 
a nozzle of 2 inches would only deliver 461 cubic 
feet per minute ; and if it were required to know 
the proisure which would attend the discharge of 
571 cubic feet through this reduced aperture^ we 
have 671 -r 2x2 = 143.76, which number, being 
between 139.48 and 146«86 in the fourth column of 
the table, shews that the corresponding pressure will 
be between 2 and 2i pounds (or about 2i pounds) 
per square inch. 

Also, from this table may be found the diameter of 
the nozzle, which will deliver a certain number of 
cubic feet per minute, under a given pressure. So, 
if the question be, what diameter of nozzle will keep 
up a pressure of 1 poupd on a discharge of 800 cubic 
feet per minute, we have only to divide 800 by die 
number (101.66) standing in the fourth column, 
opposite the given pressure : the square root of the 
quotient, which is ^2.8 inches, is the diameter. 

Other applications of the table will^ doubtlessly, 
suggest themselves; but what have been meotion^, 
are of chief practical interest. 



243 

The primbry object in futniiAbg this taUe^ wag to 
shew distinctly the effects produced by the density of 
the blast* These effects are of two kinds^ meehankal 
and chemieaL 

The first is illostrated in the third column ; where 
it will be seen^ in how much higher proportion the 
Telocity increases than the pressure. Thus at 6 
pounds per square inch^ the total density is abotit 33 
per cent* mwe than at i oz* per square inch ; while 
the velocity of the former case is more than ten times 
of the latter* It will therefore be obserred^ what 
an important influence a small increase of density has 
upon the supply* 

A limit is^ nevertheless^ placed to the exertion of 
this influence ; in the first place, in the increased ma** 
chine-power required^ and again^ in the mechanical 
displacement of the cinder^ which^ together with tho. 
deterioration of the metal^ would result from expo- 
sure to a blast of too great force. ^ The numbers in 
the column of pressure^ do not exceed; however^ 
actual cases. 

The chemical effect of increased density^ is not leser 
remarkable. By referring again to the table^ it will 
be perceived; that the weights (given in the fifth 
column) are not the product of a ccnstant factor with 
the number of cubic feet corresponding* In fact; 

aft !■ ordet to extead this limit u far as poftible, the meehaoieal ananga- 
ment is generally resorted to (in fumacet blown through two tuyeres) of let- 
ting the axes of the pipes ia different vertical planes. 
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the temperature continuing the same^ the weiglit of 
a cubic foot increases in a regular ratio with the 
jpressure* Air of the ordinary atmospheric density 
(30 inches barom. 67°Fahr.) weighs very nearly 
0.0768 pound per cubic foot; under the additional 
pressure of 1 pound^ the same volume weighs nearly 
0.0819 pound ; and with 2 pounds^ it is raised to 
0.087 pound per cubic foot* 

' Now the oxygen being mixed in the atmosphere 
by weighty and in a constant proportion that may be 
taken.at 23 per cent.^ it follows that any increase in 
the weight of a given volume of air^ increases also 
the weight and quantity of oxygen combined with it. 
Thus^ recurring to the examples just now given^ 
every 100 cubic feet of ordinary atmospheric air 
give 1.77 pounds of oxygen nearly : under a pres^ 

sure of Volume in air. Weight of oxygen. 

1 lb. 100 c. feet give 1.88 lb. nearly. 

2 lbs. do. 2. lbs. 

3 lbs. do. 2.12 lbs. 

It is thus seen^ that by increasing the density we 
in fact furnish a blast more rich in oxygen^ support- 
ing combustion more readily^ and generating a more 
intense degree of heat. For whatever end^ then^ 
this greater heat is desirable^ it will be answered by 
increasing the density of the blast. 

Connected with this subject, is the discussion of 
the question alluded to in a former chapter, as to the 
relative effect and propriety of greater volume^ or 
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^eater denritify of the blast for a high furnace ; some 
founders in Wales preferring (especially of late) to 
enlarge the diameter of the tuyere-nozzles^ and les* 
sen^ or at least not increase^ the pressure. In strict 
mathematical theory (as exemplified also in the table 
just given) these two quantities are reciprocal ; and 
if it be only to throw in a certain weight of oxygen 
per minute^ for keeping up the heat in the furnace^ 
that end can be attained as precisely by supplying, 
for instance, 106| cubic feet under a pressure of 1 
pound, as 100 cubic feet under a pressure of 2 
pounds : but I apprehend that, actually, a different 
chemical effect is exhibited in the two cases. Other 
things being equal, the oxygen will leave its mixture 
in a dense atmosphere more readily ; a part of it will 
exercise its affinities towards other substances with 
more force, and a greater degree of heat be produced 
than by a blast more rare. ^ But as the object is not 

*^ These principles are well recognized as regards combuttibUs ; and it 
appears to me that thej may witfaoat impropriety be extended, as I have done 
here, to a iv^pporter of combustion. 

One arguqsent, adduced to shew the advantage of using light pressure, was 
the supposition, that as the condensation of bodies is attended with an ezpnU 
•ion of heat, and vice versa, the sudden expansion of the air when leaving the 
pipe, would absorb a quantity of heat otherwise effective. But the experi- 
ments of Oay-Lussac prove that this is not actually the case. 

I have used throughout these remarks the words deMify and rarifyt to 
express the relative tendencies of the atmosphere to give up portions of its 
ingredients: but in &ct, these tendencies are in proportion to. the elattieUy of 
the air, a property not always reciprocal with the density. This is illustrated 
in the use of hot-blast; whereby the elasticity and consequent aptitude of 
chemical affinity are increased, though the density, as is seen in practice, may 
be often diminished. 
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always to produce the highest possible temperatar^ 
bat only that degree which suits the fusibility of the 
materials^ the founder should regulate his workings 
in this regard entirely by the character of the mine* 
rals he is using. If they are easily melted^ then a 
suitable quantity of air should be furnished under 
small pressure; if on the contrary they are refrac* 
tory, it is without doubt better to increase the pres* 
sure^ rather than the ?olume« The wear of the 
engine^ too^ is less in this last case. 

On this subject of density^ I purposely omit any 
discussion of the elBect of the nitrogen of the atmos^ 
phere ; because up to this time its operation (except 
as an absorbent of heat disengaged by the combina^ 
tion of the oxygen) is obscure^ and any views that I 
might present would be purely speculative. 

III. The effects of increasing the temperature of 
the blast will be considered only under two heads i 
first^ as they concern the working of the furnace^ and 
secondly^ as they affect the metal produced* There 
are^ besides, other considerations of great interest^ 
which are too extensive for our present limits. 

1. The working of the furnace seems to be affected 
by a heated blast, in the production of a higher tem- 
perature than attends the combustion of the same 
materials with cold air, in the consequent saving of 
fuel and air, and in an increased and sometimes dif- 
ferent energy of chemical action. 

The present state of science does not give us the 
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data upon which we can calculate^ with accurate cer- 
tainty^ the degree and amount of the two first parti- 
culars ; but it may^ neyertheless^ serve to fix our ideas 
on the subject^ to present here some of the results of 
such a calculation, which can be then compared with 
existing practical statements. 

The union of oxygen with carbon to form car- 
bonic acid gas^ is supposed to produce heat enough 
to raise 29.25 times its weight of water, from the 
freezing to the boiling point; i. e. 180^ Fahr. Thus^ 
1 lb. oxygen^ with 0.375 lb. carbon^ heats 29.25 lbs. 
water through 180% and forms 1.375 lbs. carbonic 
acid. The whole quantity of heat produced then^ is 

^^imb^ ^ 3829M, which would be the tempe- 
rature of the carbonic acid^ if its specific heat were 
the same as that of water. But this relation being 
in bci about 0.221 : 1^ it results that the temperature 
of the carbonic acid (if formed in an atmosphere of 

oxygen) will be ^^== 17326^.2. The carbonic 

acid being formed^ however^ in an atmosphere con* 
sisting of 23 parts only of oxygen^ while 77 are nitro- 
gen^ the heat arising from the oxygen has to be dis- 
tributed likewise (in proportion to its specific heat) 
to the nitrogen. Now^ allowance being made for the 
diminished specific gravity of this nitrogen, its spe- 
cific heat may be taken 1.6 times that of carbonic 

77 

acid, and its quantity, 23 v igys ~ 2.435 times; so 
that from both these relations, it absorbs almost four 
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tim^s as much as the carbonic acid ; or what amounts 
to the same things of the whole number of degrees of 
heat produced by the comhuBiion, four -fifths is ab- 
sorbed by the nitrogen^ and only one-fifth^ or 3465^^ 
is sensible in the furnace. 

This quantity is the measure^ then^ of the actual 
heat in the furnace; at whatever temperature the 
materials may be thrown in^ its degree bears some 
fractional relation to this number ; and the saving of 
fuel may be represented by this fraction. Thus^ if 
the air be heated to 572^ Fahr.^ nearly one-seventh 
(^) ^f ^^^ entire heat of the furnace will be at 
once added^ and there will be so much less necessity 
for the same amount of fuel as before. Also^ the same 
fractional part will be set free from the nitrogen^ (the 
equilibrium of temperature existing without it) and 
we shall have four thirty fifths of the heat econo- 
mized in this regard^ and to be added to the one- 
seventh already established; thus making in all 
nearly one-fourth of the total heat^ and it may be sup- 
posed^ of the whole fuel necessary for the furnace. " 

The economy in the air may be approximated in 
the following manner : 

The specific heat of air being 0.2669^ that of 

3B The weight of the otr being so much more than that of all the other ma- 
terials together, I have considered in this calculation its effects when heated, 
only. Otherwise, if our data were more exact, it would be proper to take 
into account the relative specific heats of the other materials, and the influ- 
ence which their changes of state have on the general temperature. 
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water being }., it takes the same quantity of heat for 
elevating to the same degree (say 572^F.) 35(K^ 
cubic feet or 283.57 pounds of air^ as for 75.69 
pounds of water. The elevation to 572^F. of diis 
quantity of water^ will be effected by the combination 
of 7.76 pounds of oxygen with the suitable quantity 
of carbon. Therefore^ an increase of 540^ in the 
temperature of 3500 cubic feet of air^ corresponds 
to the effect of 7.76 pounds of oxygen^ equivalent to 
33.75 pounds^ or 416.6 cubic feet^ of atmospheric 
air per minute. 

Such are the theoretical considerations founded^ 
it must be admitted^ upon not the most satisfactory 
data, that attach themselves to the economy of air 
and fuel. 

In practice^ M. DufrSnoy states that a temperature 
of 612^F. at the Calder works in Scotland^ reduced 
the quantity of blast necessary^ from 3500 to 2627 
cubic feet per minute. This is nearly twice as much 
economy as resulted in the calculation just now made : 
but in that^ was not taken into account the increased 
velocity of the blast on account of its temperature^ 
and its of course actually increased quantity^ though 
under the same apparent pressure. At some places, 
as in the Works just mentioned^ they have found it 
advantageous to lessen the external pressure; at 
others, as at the B utterly works, they have aimed 
at the same object by enlarging the diameter of the 
tuyfere-nozzle. 
32 



250 



The saving in combustible is also above the ratio 
assigned in our calculation^ at least in coke*fur- 
naces. The following statement^ collected from 
various sources^ will have some interest in this 



regard : 

Locality. 

Raw Coal. 

Clyde : (Scotland) 

Calder: do. 

Coke. 

Clyde : do. 

Monkland : do. 

Birtly: (England) 

CodnorPark: do. 

Konigshtitte : (Silesia) 

Butterly: (England) 

Wednesbury: do. 

Calder : 

Konigshutte: (Silesia) 

Do. do, 

Gleiwitz : do. 

Charcoal. 

Bioupeiou: (France) 

Malapane: (Silesia) 

Do. do* 



Proportion of combastible •pg-.., pa- 
used for one ton of iron. •'•*™P« '"»• 

Cold Air. Hot Air. 

100. 



(( 



K 



C< 



CI 



tt 



tt 



tt 



U 



tt 



tt 



CC 



CC 



M 



C( 



38.5 , 


. . 61S8». 


81.8 


. . 612». 


64. 


. . 480°. 


64.3 


. . 460». 


61.4 . 


. . 400°. 


55. 


. 400". 


88. 


. . 380°. 


50. 


. . .360°. 


49.6 


. . 360°. 


64.3 


. . 300°. 


86* 


. . «3°. 


87. 


. . 196°. 


74. . 


. . 198°. 


78.9 , 


, . 480°. 


86* 


, . 496°* 


75. . 


. . 890°. 



From this table it seems that the higher the tem- 
perature, the greater the economy of combustible. 
The extraordinary saving in the two first instances, 
arose from the circumstance of the coal (whose loss 
of weight had been great in coking) being applica- 
ble, at the temperature quoted, in its natural state. 
The average of all cited shews a saving of 34 per 
cent. 
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The Hmit of temperature appears to be more prac- 
tical than theoretical. In the latter regard^ it is pos- 
sible that there may be a degree at which^ when 
attained^ the increased specific heat of the air and of 
the gases formed would absorb all the caloric that 
had been artificially impressed upon the blast^ and 
its benefit come in this way to be neutralized. But 
I apprehend that the intrinsic difficulties in the appa- 
ratus^ are sufficient to prevent this degree from being 
ever reached. Up to the point already attained^ 
the advantages appear to be in proportion to the 
temperature; thus at the Calder works^ with 300^, 
the saving of combustible was 35 per cent.^ — when 
raised to 612^^ the saving was rather more than 68 
per cent. The anomalies mentioned by M. Le Cha- 
telier^ as signalized in the Silesian furnaces^ and 
which are shewn in the table just given to be an 
economy inversely as the temperature^ resolve them- 
selves^ it appears to me^ into the local peculiarities 
of the materials^ not affecting the general principles 
which have been substantiated by numerous results 
elsewhere. There is no doubt that these local pe- 
culiarities ajflfect in an important degree the propor- 
tionate result; and that at every establishment^ there 
will be a temperature^ not the highest^ but suiting 
the constitution of the minerals^ which allows of the 
maximum productiveness and economy. 

There appears to be no exception to the expe- 

*• Ann. d« Mtnei : torn. xvt. p. 106. 
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rience that furnaces with hot-air are more easily 
kept in train^ and their accidental derangements 
more readily corrected^ than with cold air; and 
this may be referred to the last circumstance men- 
tioned^ an increased chemical action. 

The process of this action is not to be explained 
with precision: but of its existence^ both analogy 
and actual phenomena do not allow us to doubt. 
ThuS; almost every substance in nature has its par- 
ticular temperature which determines its fusion ; the 
habitudes of many substances as they enter into «o/u- 
tian^ are even more remarkable ; and not less so, as 
regards chemical action of all kinds^ that an inconsi- 
derable quantity — a few degrees of heat^ give rise to 
or entirely defeat the result. So it may also be with 
the fusible matters in the furnace. Besides^ there 
are many symptoms^ such as the peculiar brilliancy 
of the tuy^re^ the color of the flame of the trundle- 
head^ the deficiency that takes place immediately 
in the heat of that part of the furnace upon increas- 
ing notably the temperature of the blast^ — which 
point to a change in the direction and foci of the 
chemical forces that are at work. It is upon the 
manifestation of these and other changes produced 
by heated air^ that the theories of Le Play and 
Bunsen (which in all probability will lead to results^ 
fortunate for metallurgy) in good measure repose. 

2. The ejflfec^t upon the metal^ produced by an 
increased temperature of the air^ is a point less 



263 

clearly defined than those of which we have been 
treating. As to the increase in quantity^ there is no 
controversy; but the quality of hot-blast iron has 
been by many persons^ suspected. I use this word 
purposely^ because until very lately there had been 
collected no direct evidence on the matter ; and such 
as is now in our possession cannot be considered 
as decisive^ if even the subject plainly admitted of it. 
I propose to exhibit here^ in as few words as posh 
sible^ the allowed views in this regard ; and also to 
point out a means of evidence which appears to be 
worthy of resort^ but which has not yet been exem- 
plified in the present application. 

The quality of the metal produced under different 
temperatures^ may be affected principally in two 
ways^ chemical and mechanical. I shall consider 
then^ separately^ these two classes of affections. ^ 

The analytic differences of the first class^ M. Ber- 
thier states to be in the presence of less silicon and 
mare carbon (at least in its free state^ as graphite) 
with hot-blast iron than with cold. This latter par-* 
ticular is presumed to make the metal more fit for 
foundry use; which last quality is recognized^ in the 
admission of practical men^ that hot-blast iron is 

«> Of coaiM, it is assumed that the metal is produced under both methods 
of treatment irom the same materials. Otherwise, in the use of forge and 
flneiy cinder, the application of the hot-blast presents some remarkable phe- 
nomena; which, however, it ia not my purpose to consider. The small 
extent to which this material is applied in Maiyland, and the disrepute into 
which its excessive and in^troper use has caused it to fiOl in Grett Britain^ 
justify the omission. 
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more tender than metal^. otherwise of the same appa- 
rent quality^ manufiaictured with cold air. 

If silicon maintains in crude iron the properties 
which it is supposed to impart to bar iron^ viz: 
those of uoeldingf the deficiency in this element may 
correspond with the assumed inferiority of tenacity. 
But the characteristics of the silicets of iron are not 
yet clearly defined. It is, however, admitted by M . 
DufrSnoy '* that to apply crude iron from hot-blast 
to the preparation of bars, requires generally a modi- 
fication of materials* Nevertheless, in Maryland, 
where a great proportion of the bar iron is from 
hot-blast, even this admission need not be made. 

The synthetic differences of the same class, are 
seen in a greater liquidity of the hot-blast metal at 
the moment of reduction and flow, both in the first 
and second fusions. Also, the changes in cooling 
from grey iron to white, and vice versa, are supposed 
to have place with more facility, than in cold-blast. 
But hot-blast crude iron is much more rarely white, 
with the same materials. ^ * * 

The differences of the second class are to be 
looked for in the proportionate tenacity and resis- 
tance of the metal, both crude and in bars, manufac- 
tured in the respective methods ; and in their rela- 

*^ YapLgt MetaUni^. torn. i. p. 496. 

* With some materiaU and the use of hot-bUet, I bare understood that the 
Ufajfiining can be prodaeed and regulated by incUniog the blast-pipe down- 
WMdM^ man or less^ This phenomenon is similar in theory to the action of 
tfat arnmgement beftre mentioned» of tuyeres at different heights. 
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live [Specific gravities* From a few observations^ I 
am led to conclude that cold-blast iron is lighter than 
hot-blast ; but my experiments have not been suffi- 
ciently extensive^ to assert this universally. 

The indirect evidences of the former characterise 
tic I shall not advert to^ except to say that the cast- 
ings^ (such as bridge-trusses^ etc.)^ the rolled iron^ 
and the machinery^ made from one establishment 
(the Butterly works) using hot-air^ are not less 
highly esteemed in England than similar products 
from any other establishment using cold air exclu- 
sively. The same remark will apply^ with greater 
extent^ to the production of iron in Maryland. 

The direct evidences consist in the trials which 
have been madC; with the specific view of determin- 
ing the cohesion of the two kinds. Of these^ the 
best authenticated are those of Fairbairn and Hodg- 
kinson; from whose extensive tabulated results" I 
have collected the data of the following statements : 

I. Tabk shewing the absolute and rehUoe Cohesion in several sped" 
mens of HoUBlast and Cold-Blast iron^ respectively* 



LOCALITY. 



Canon No* 2: 
Carron No. 3 : 
Buffejy No. 1 : 
Coed-talon No. 2: 

Mean: • . . 



ABSOLUTS COHESION, 

or resistance to being 

palled asunder, 

in Ibe. per sq. inch. 



Hot-blMt. 



13505 lbs. 
17765 
13434 
16676 



15342.5 lbs. 



9l3 



Cold-MMt. 



16663 lbs. 
14200 
17466 
18655 



16601 lbs. 



SBLATIVX COHESION, 

or resistance to being 

crushed, 

in Ibe. per sq. inch. 



HoC-blMt. 



108540 lbs. 
133440 

86397 

82734 



102528 lbs. 



Cold- 



106375 Ibf. 
115442 

93385 

81770 



99243 lbs. 



Ratio: 



1000 and 1033 



1000 



** British AfsodatioD Reports : vol. vi. p. 8S7, etc. 
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It. Thbk shewing the Ratio of respectioe Cohesion and of 
in sei>eral ^ecitnena of Hoi-Blast and Cold-Blast irdn. 



LOCALITY. 


TRANSVXASE 
STRENGTH. 


BX8X8TANCB 
TO IMPACT. 


STirrirzu. 




Hot-blast. 


Cold-blast. 


Hot-blast. 


Ck»ld- blast. 


Hot-blast. 


Cold-blast. 


Carron No. 2 : 
Buffery No. 1 : 
Devon No. 3: 


991. 

931. 

1417. 


1000. 
1000. 
1000. 


1005. 

963. 

2786. 


1000. 
1000. 
1000. 


931. 
893. 
961. 


1000. 

1000. 
1000. 


Mean ratio : 


1113. 


1000. 


1585. 


1000. 


935. 


1000. 



The results in this table^ so favorable to the hot- 
blast^ seeming in some degree dependant upon the 
anomalies (if it is not improper to give them such a 
name) observed in the several specimens of Devon 
No. 3^ the experiments upon this resistance were 
continued and extended; so as to neutralize^ by a 
W}de average^ the indications vrhich are more pro- 
perly due to the materials themselves than to the 
method of treatment. I have condensed the report 
of these numerous and recent trials^ into the follow- 
ing table. 

The pieces experimented on^ were all 54 inches 
between the supports^ and 1 inch square ; the actual 
breaking weighty as well as the calculated cohesion^ 
are shewn; but the flexure before fracture I have 
omitted^ as not essential to our present purpose. 
Each set of experiments comprehended at least four 
different trials of the same specimen. 
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ni. Tabk 9hemng the Transverse strength of Hot-Blast and Cold- 

Blast B^on, respectively. 



COLD-BLAST. 


HOT-BLAST. 


• 


BreaUnf 
weight. 


CohMAon 
per sq. Ineb. 




BreakiBf 

weight 


Oobeiion 
per M]. inch* 


Maximam olw'd: 
Minimam do. 
Mean of 18 sets ) 
. ofexperiints:5 


667 lbs. 
408 

460 


45927 lbs. 
88048 

87260 


Maximum obs'd : 
Minimum : 
Mean of 20 sets > 
ofexperimts: ) 


587 lU. 
878 

448 


48497 lU. 
80618 

858SS 



Ratio; (ttie cohesion of cold-blast being 1000) 1000 : 968. 

The conclusioa seems warranted from these state- 
ments, that for all practical purposes, where the 
strains are transverse or crushing, the difference is 
too small to be regarded. When the stress is longi- 
tudinal, and the fibres pulled .asunder, the ratio is 
unfarorable to the hot-blast. This may be attri- 
buted, I apprehend, to the peculiar crystallizations 
of the two kinds of metal, and to their different 
modes of being acted upon. The examination of 
these peculiarities and differences, constitutes the 
new species of eyidence to which I just now alluded. 

Seen under a high magnifying power, the texture 
in several specimens of hot-blast iron appears to be 
composed entirely of cubes ; while cold-blast is fre- 
quently, though not universally, made up of octa- 
hedrons and derivative forms. If we suppose the 
attraction of cohesion in the mass, to be of the same 
kind with the polar forces that impress the crystal- 
line form, by analogy we may expect a greater deve- 
lopement of that attraction in the latter shape than 
the former. But the observations on this head have 
33 
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not been sufficiently extensive to allow of an accu- 
rate generalization ; and I content myself^ therefore^ 
with a mere indication of their principles^ in order 
to induce the co-operation of other examiners. IT 
there be any permanent general difference between 
the two kinds of metal^ there is every probability 
that it will manifest itself to some extent in the ttx^ 
ture ; ^d the reward for the trouble of these micro- 
scopic researches^ be the establishment of a criterion 
of greater sureness and precision than we have be** 
fore possessed^ whereby we may judge of the mecha* 
nical propertied of a material of such varied and 
important application. 

A knowledge of the constitution of the gMMiu 
products of the furnace {the last topic that we have 
to consider) is of great interest^ as illustrating the 
agencies and modes of action among the materiaUfi 
the different functions of various parts of the 6taek^ 
and the best methods of applying these products 
themselves to some practical usoi. Unfortunately^ 
not much attention has been paid to this subject ; 
nor am I acquainted with any analysis in a case 
where the quantity^ d6nsity3 and temperature of the 
air^ as well as the weight of the other materials 
simultaneously acted on> were in the proportions of 
which modern improvements have shewn them to be 
advantageously susceptible* To complete^ however^ 
the circle of analyses^ which I have thought of inta« 
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jraet to furnish in this Report, I present here two^ by 
two different investigators. The first is (rom e 
charcoal furnace ; the temperature of the blast being 
383^F< and the pressure a half pound per square 
inch. •* 

By volume. By weight. 

Aqueous vapor: • • . 0.117 . « . 7.37 



Gaiburetted .hydrogen : . 0.096 

CaiiKniic oxide : . . . 0.166 

Carbonic acid : . . . . 0.125 

Nitrogen: 0i)66 



9.08 
16.31 
10.32 
66.W 



1. 100. 



The other is likewise from a charcoal furnace| 
when the pressure was about \ pound per square 
inch; and the temperature 412^F. The means 
employed in the analysis^ were not such as to give 
the amount of aqueous vapor; but they furnish on 
the other hand the proportions of free hydrogen, 
instead of presenting it (as in the former) all under 
the head of hydro-carburet. In 100 parts by weighty 
M. Bunsen found : ^ 

Hydrogen: 0.2(( 

Carburetted hydrogen: . 1.79 

Carbonic oxide : ... 25.81 

Carbonic acid : . . . . 16.57 

Nitrogen: 55.66 

100. 



s« Ann. dee Minee : fom. xri. p. 569. 
>• Adb. dee Miaee: t^m. zvi. p. t04. 



260 

The coincidence of these analyses in the propor- 
tions of nitrogen is exact enough ; but the differences 
in the ratios of the oxide and acid of carbon^ are very 
marked. I do not find, in either^ any thing to inva- 
lidate what was before said^ as to the necessity of 
furnishing oxygen enough to allow of all the carbon 
combining with it as carbonic acid ; though it does 
not follow^ that such combination will be in totality 
made. 

So far as experiments have yet gone^ it seems that 
the combination-modes of these two elements vary 
much in different p&rts of the furnace. Thus^ in the 
ease just given^ the proportion of carbonic acid was 
17 per * nearly at the trundle-head, while at five feet 
below it was 3.5 per iy but at eight feet below it had 
mounted up to 7.6 per %. From these observations^ 
M. Bunsen draws conclusions as to the functions of 
different stages of the furnace^ according to the pre- 
valence of one or other element about each stage. 
The first^ which he supposes to extend four or five 
feet below the trundle-head^ is the preparatory stage; 
the materials are there dried^ — ^great quantities of 
aqueous vapor and carbonic acid are there formed^ — 
and things are put in a train for the second or reduc- 
ing stage. This is characterized by the great pro- 
portion of oxide of carbon (from 25 to 33 per i)y and 
extends to the lower part of the boshes; the iron 
begins to be reduced to the state of a magnetic 
oxidC; but the heat is not intense enough to separate 



r. 
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it from the earthy silicates by bringing them to a 
state of fusion. The third is the separating stage ; 
where the fused materials arrange themselves in the 
order of their weight, the iron below, the cinder 
above, and admit readily of removal to their respec^ 
tive destinations. 

This theory, somewhat similar to that of M. Le 
Play, is, in part, a substantiation of the opinion of 
practical men, as to the office of the upper portion of 
the furnace; insomuch that it was once proposed 
(though I do not know if it was ever attempted to 
be executed) to erect a furnace of such a height in 
proportion to its diameter, as to allow all the mate* 
rials to be supplied in their natural state ; — the roast-- 
ing in short, and coking^ were to be done in the 
furnace itself. 

As to the functions of the other stages, we have 
not yet sufficient data for their determination. 

I pass now from these speculative considerations, 
to the economical uses which the gases from the fur- 
nace, and the great amount of heat otherwise lost in 
them, may be made to subserve. 
> 1^. They may be employed to heat the air which 
IS blown into the furnace. This is an application 
very common throughout Maryland, and is found to 
answer a good purpose. Only it may be remarked, 
that there is, in every instance which I have seen, 
still a great loss of heat from the arrangements which 
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arc used to convey the blast downwards to the 
tuydres. It may^ I think^ be easily demonstrated^ 
that the advantage gained by increased temperatare 
would more than compensate for the interests upon 
improved air-conduits. 

These improvements would, however, only be 
applicable to charcoal furnaces. It would be hardly 
possible, except by disproportionately expensive pre- 
cautions, to retain the high temperature which is 
found most advantageous for coke furnaces; and 
accordingly, all trials of this kind which have been 
made for the latter, have proved unsuccessful, or at 
least have not realized their expected and habitual 
value. 

2^. Another application is to the carbonisation of 
the wood or coal, and to the roasting of the ores. 
The former of these uses is already becoming very 
general in Germany, and is being introduced into 
France. In Great Britain, avail has not yet been 
taken of it, because of the fortunate association of 
their iron*ores with the coals, and the great abun* 
dance of the latter ; so that the cost of coking, as has 
already been shewn (p. 164) is not more than one* 
half of the cost in France. The roasting of the ore, 
too, is mainly done with coal that would be other* 
wise wasted. 

The arrangements for this object are not difficult 

« 

to conceive or execute, and have already been made 
the object of special descriptions by several writers^ 
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I shall^ therefore^ not pause to discuss them farther 
here. 

3^. Similar descriptions have been likewise given 
of another way of using the gases ; namely^ for rais* 
ing and sustaining the steam of the blast-engine. 
At Niederbronn on the Rhine^ such an apparatus 
from a small furnace^ (the boilers being placed on 
the stack) conducts the steam to the cylinder by a 
copper pipe 4 inches in diameter and 50 feet long^ 
with a loss of tension of only 4 pounds ; — the pres* 
sure in the boilers being 40 pounds per square inch. 
Sufficient heat^ however^ can be applied^ to raise the 
pressure to 60 pounds per square inch. It is cal- 
culated that the engine^ worked in this manner^ ( the 
diameter of the trundle-head is only 3 feet) exer- 
cises a force of 25 horses. 

So little heat is required for this object (according 
to M. Bunsen^ only one-twelfth of that contained in 
and lost with the gas); that the supply and heating 
of the air^ could be accomplished at the same time 
and with the same apparatus. 

4^. The last application that I shall mention^ is to 
the re-melting of iron itself, in a reverberatory or 
other furnace. This, which at first to some philoso- 
phers seemed doubtful (although it has been already 
shewn in these pages that not more than one-fifth o( 
the total heat was available for the fusion of the mate- 
rials) hasjike the preceding, been practically proved. 
So; at the furnace of Niederbronn, just mentioned. 
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they melted in a reverberatory furnace^ heated only 
by the gas brought down from the high furnace and 
carried a distance of more than 70 feet from the 
stack^ 668 pounds of crude iron in one and a half 
hours. The fusion was perfect; and it moulded 
easily and well. I mention this case^ in order that 
practical men may have a better idea of the amount 
of heat furnished by this agent. 

In regard to the quality of the iron cast ia this 
manner^ no examination seems to have been yet 
made» 
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able shewing the QumtUjf of Pig and Bar-Iron imparted from 
Maryland into Great Britain {Scotland not included) far ike 
yeare undermentioned, from 1710 to 1755; referred to m page 
^ of the Rqfort. 



DATS. 



Up to Chrifltmas, 1718 

1729 
1780 
1731 
1782 
1788 
1784 
1785 
1789 
1740 
1741 
1742 
1748 
1744 
1746 
1746 
1747 
1748 
1749 
1760 
1751 
1752 
1768 
1754 
1755 



PIO-IROK. 



T, O. Q.tt«. 



852 
1526 
2081 
2226 
2309 
2042 
2862 
2242 
2020 
8261 
1926 
2816 
1748 
2130 
1729 
2119 
2017 



16 

15 
2 
8 

11 
2 
8 
2 
2 
S 
8 
1 
4 

16 
1 


11 



1 11 

1 15 
27 

2 
8 22 
2 8 
17 
2 14 

• 22 



1 
1 
1 
1 
1 




5 

5 
15 

8 
10 

2 



8 24 
8 10 



2508 16 
2950 5 
2762 8 
2847 9 
2591 4 
2182 15 



1 25 
8 15 

4 

2 18 
8 17 

1 22 



BAK-IEOK. 



T, C. Q.26s. 
8 7 



44 9 21 



5 
5 


















RKMAAKB. 



57 
4 5 

198 8 
82 11 




2 14 
8 12 
2 11 



5 17 8 

8 4 2 9 

16 10 2 21 

97 18 19 

158 15 1 8 

299 1 8 



The returns are from 
1710, bat no im- 
ports wers Bade 
till. 1718. 

Duty on Bar-iron per 
ton, £2 It. 6.J5d. 
sterling. 

Duty on Pig-iroo per 
ton: 8s.9.45ii.fteF- 
ling. 

No printed letons 
appear to hare 
been made bam 
1719 to 1728 in- 
clusive : nor fiv 
1786 to 1738 in- 
clusive. 



No return. 



This table, as well as the following one, has been compiled from a more 
diffuse series, which forms part of an appendix to an interesting Memoir oo 
the Iron trade by Mr. Scrivenor, now in process of publication in the London 
Mining Journal. From the way in which the tables are there printed, it 
is not easy to separate Virginia from Maryland: therefore, in many cases 
(especially in pig-iron) the amount represents the joint export. 

The returns appear to have been at first made when called for by Pariia- 
ment to enlighten some exigency of legislation. Hence the occasional inter- 
vals which are signalized in the remarks. At least my authorities give me 
no other explanation. 
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Table ihewing the Quantiiy of Pig and Bar-ban impofied from 
Mtryland inio thai part of Great Britain catted Scotland^ for 
the years uhdermenticned, from Michaelmas^ 1739, to S. John 
Bipiist, 1756; to aeccftnpany the preceding table. 



DATS. 


PIO-I&OK. 

• 


BAS'ISON. 


BSMAXKS. 




7. C. Q,lb$. 


T. 0. Q. Ibi. 


The returoB are in fact 


MiehMlmu» 1742-3 


1 12 2 18 


1 16 8 18 


from 1789, but no im- 


1744-6 


27 14 8 






1 - 1 
• • < 




ports were made until 
the date mentioned. 


1748-9 


144 16 18 












8. John Bapt. 1760-1 


• • • • 

• ■ • • 












No imports for 1748-4; 
nor for 1746-8. 


1762 


86 












1768 


20 












Of the entire import from 


1764 


26 












the colonies during these 
10 years (1789-49) Ma- 


1766 


• • • • 

• • • • 












1766 


• • • • 












ryland furnished nearly 
three-fourthi. 














No returns fit>m 29 Sep. 




• 




1749, to 24 June, 1760. 
Of the entire quantity im- 
ported in these 6 years 
Maryland furnished ra- 








' 






ther more than one4kird. 



In the Docnments from which this Table has been compiled, the different 
colonies are kept caref^y distinct. 
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PLATES. 



PLATE I. 

Fig. 1, And 2, are a section and ground-plan of an ancient farnace, described 
by Agricola as in Use in his time ; in which they treated very fusible ores. 
A, is the hearth in both figures. 
b, the beUowB, and 
t, the tuyere. 
These figures are from Hassenfratz. 

Fig. 8» and 4, are, in like manner, a section and gronnd-plan of a furnace 
described by Agricola; calculated for ores more refractory. 
A, is the hearth or crucible, in both figures. 
it the tuyere in fig. 4. 

6, the place of the bellows, which were similar to those already given. 
n, the nozzle of the bellows. 
Both of these kinds were stuck^ofen, or Jbumeaux-a'nuuu. 

Fig. 5, and 6, shew an improvement, likewise in the time of Agricola; 
which was certainly the germ of the fluss-ofen, 
h, is the crucible in both figures. 
t, the tuyere. 
6, the place of the bellows, whose nozzle is shewn, and which were of a 

lajqger and more powerful kind. 
/ i, f hew the steps for the convenience of charging. 
$, in fig. 6, shews the battered faces of the furnace. 
T, the aperture answering to the modern tymp-arch. 
/, an opening whereby the slag, and perhaps the iron, were diacbarged. 

The scales appended are arbitrary. 



p^ 




rig 5 



»Js- 






PLATE II. 

Fig. I, ifl a drawing in peculiar perspective, (which may be denomioated 
itomeric,) to shew some remarkable pointi in the furnace mentioned in p. 117. 
of the Report. It is supposed that the drawing can be explained without 
letters. 

The inclination of the beds of the stones and the joints, on two sides of the 
funace, are distinctly seen. Also, the rail-way for charging, is seen crossing 
the trundle-head. The cars used for this purpose, are shewn in Plate III. 

Fig. 2, is the simplest form of manometer, or mercurial guage, for ascer- 
taining the pressure of the air in the regulator or blast pipes. 

abd, is a glass tube, bent as shewn, and containing mercury to any level 
mm, 

c ft, is a cork, through which the tube passes, and which fits tightly the 
aperture that may be made for introducing the end a of the tube. 

t e, is the scale, which may be marked in inches and parts, or in \ pounds, 
at pleasure. The scale slides up and down the tube so as to 
allow the index, at e, to coincide with the actual level in the de- 
scending arm of the tube. 

The difference of level in the two arms is due to the pressure, at the rate of 
i pound per inch, in height of the mercury in the ascending tube. 

Fig. 8, and 4, shew an apparatus, for ascertaining the temperature of the 
blast. 
p e, shews in fig. 8, a section of the upper part of the circumference of a 

blast pipe ; and in fig. 4, a ground-view of the same pipe. 
ff, in both figures, is«a circular flange, with a collar or throat g g, in which 
a screw-thread has been tapped for receiving a corresponding neck, 
n n, through which passes, attached and air-tight, the bent tbei^ 
mometer, ttt, whose bulb, when in position, is thus inside of the 
blast pipe. 
At the end v of the scale, the thermometer may be supported with a piece 
of charcoal, or other non-conducting substance. 

The thermometer is graduated to SSO** or 600<*, for every 5^ of Fahrenheit 
Although the expansion of mercury at these high temperatures is not so 
equable as below 212^, it is yet the most unexceptionable indicating medium j 

that can be employed. For the temperatures that will probably be found to 
suit best the materials and apparatus employed in the charcoal furnaces of 
Maryland, (from 200<* to Sob<^,) it is sufficiently uniform. 

A more simple, and sometimes more convenient arrangement might be 
found in dispensing entirely with the flange and collars, and allowing the 
thermometer, with its neck, n n, (whose screw need not be more than 4 inch) 
to screw at once into the pipe, which would be tapped to suit its reception. 



PLATE III. 

Fig. 1, and 2, an a side and end elevation of the can, used Ibr chaining at 
the furnace shewn in Plate II. 
a6cd, is the car-body of plate-iron fastened by iron straps to the truck, and 
having a conical bottom h e c; to the. apex of this cone is fastened 
the vertical stem e f, which is racked (fig. 2) at its upper extre- 
mity, and is susceptible of a motion upwards and downwards by 
means of the pinion g. The motion of the stem is guided by two 
bars, A A, whose ends are shewn in fig. 1, and the side of one in 
fig. 2. The pinion is fitted to a long axle, t k, and is worked by 
the winch, k I, The other parts do not need a particular descrip- 
tion. 
In the car from which this drawing was made, every part was of iron. As 
the kind used, angle-iron, is not common in America, I have altered some of 
the dimensions of the pieces of the bed, to suit a strueture of wood. 

As soon as the winch turns, the stem fe descends, and the materials begin 
to slide off all around the conical bottom. The dischaige is very rapid, and 
evenly distributed ; and great benefit has been found to result from this method 
above the old one, where unavoidably a large part of every charge is heaped 
on one side of the stack. 

Fig. 8, and 4, are cars used at the same furnace, but principally for lime- 
stone, 
a 6 c, in a side view, and c 6 6 6 c, an end elevation of the car body ; which 
is in two parts, opening in the middle as shewn by the line bd oa 
fig. ft, — e f and g A, are tw» flat bars fastened at one end, respec- 
tively, and at the other sliding through the staples ttit. The end 
A, of the upper bars is prolonged on both sides of the car as seen 
in fig. 8, and has a catch at k, in which fits a corresponding pro- 
jection in the arm mn. This projection can be released at any 
time by throwing up the arm, whose motion is on the pivot n. 
By this means the dischaige is effected. When the car is over the tmndle- 
hefid, the filler who pushes it by the bar mm, fig. 4, lifts that up ; the catch 
at k is released ; there is no longer any obstacle to the weight of the materials 
ibrcing asunder the body, which slides on the longitudinal joists of the bed, 
opening 2ti b b b, and arrested, when it has sufficiently opened, by the deets 
p p, respectively. 

The rails shewn on this plate are hollow, as mentioned in the text, and are 
kept from burning out by ji stream of water which is passing through them, 
and is then conducted, all heated, to the steam engine. 
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TO HIS EXCELLENCY 

FRANCIS THOMAS, 

GOVERNOR OF MARYLAND. 

I HATE the honor to present to your Excellency, herewith, 
a Second Report on the Manufacture of Iron; whose details, 
I believe, will be found of valuable application among the 
furnaces of Maryland. 

I have not included any statistical details (the collection 
of which so far has cost me much labor, and more) for the 
reasons which I have given in the General Preface. And I 
still entertain the hope expressed in the former Report, that 
the acquisition of such information, in regard not to Iron only, 
but to other subjects, will be thought of sufficient importance 
to warrant its being given in charge to some of the existing 
State-officers. 

That a considerable part of this Report is not my own 
original material, will not, I conceive, be any objection to it: 
many things are said in it, better than I could have said them 
myself; and in the relation that I hold to it, I may venture 
upon the anticipation for it (which I could not allude to, 
otherwise) of your Excellency's favorable consideration. 

I beg your Excellency to accept the assurances of my 
profound respect. 

J. H. ALEXANDER. 



Baltimore, 14 February, 1844. 



GENERAL PREFACE. 



^^^^%^^>^i^^^^^/V>^»^>^^^^^^^^W^ 



In giving as a Second Report on the Manufacture 
of Iron to the Governor of Maryland, Rogers' Let- 
ters on the same subject, I am carrying out an early 
design, which would have been executed at the time 
of furnishing the former part for publication, had I 
not apprehended that it would produce a document, 
on several accounts disproportionately voluminous. 
As, however, I have been informed in sundry ways 
that the former Report is in a measure answering its 
purpose, by being well received among those for 
whose service it was chiefly intended, I very cheer- 
fully apply myself to the fulfilment of my original 
plan, by presenting here complete, a work which 
excited some interest in Great Britain at the time of 
its partial publication, and which still is talked about 
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and looked for (not by the curious in such matters 
only) on the continent of Europe. 

The piquancy of contributing to the re-appearance 
of a work, suppressed in the country where it origi- 
na^ed; in another part of the world; and under the 
auspices of a State^ singular in possessing a field of 
coal and iron ores and their ancillary deposites^ not 
second to any or all of those which have created for 
England her commercial supremacy — ^would not 
have stimulated me to this task, had I not seen that 
the strongly practical and almost uniformly correct 
views of the writer were especially calculated to be 
rivetted in the attention and memory of those of my 
fellow-citizens engaged in the manufacture of Iron^ 
who, without motive or leisure for pursuing the 
thread of a refined hypothesis, have abundance of 
both for reconciling and binding up in a general 
theory their every-day observations. 

So, for instance, the idea, which will be found 
more fully developed in the Letters, viz : that before 
you may make iron you must make ghss^ is a position 
that, with many reflecting persons of the class I have 
mentioned, will place their daily manufacture in a 
new aspect; and so, the urgency of repetition with 
which is impressed the doctrine of definite proper- 
turns (in the principle that every element, however 
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minute^ exercises in fusion its own proper attraction^ 
absorbent or neutralizing) becomes a key^ as it were^ 
to unlock the mysteries and extricate from the em- 
barrassments in which I have seen more than one 
furnace-administration involved. 

The whole Treatise is so short as not to require 
any prefatory analysis of its contents, here ; and the 
still shorter Appendix which I have added, contains 
only such new matter of my own reflection or re- 
search as seemed to me naturally or indispensably 
connected with the subject. 

I had proposed adding to this document, statistical 
particulars of the manufacture, in Maryland, of Iron 
in the subsequent stages to which it is consigned from 
the blast-furnace. But although I have collected- 
considerable material towards this end, its assem- 
blage is too imperfect to allow of introduction into a 
document for reference: and I have therefore, with 
regret, been obliged to abandon my purpose. 

Such incompleteness is not surprising, when we 
recollect how incommensurate to a considerable public 
aim must be the interest and industry of any single 
individual, unaided by a social sanction ; and still less, 
when we see (as we may see) the inadequacy of an 
authoritative inquisition upon this and similar aims. 



Vlll 



Of course^ I allude to the last Census^ etc. taken by 
authority of the General Government. 

I would by no means be understood as criticizing 
that performance, either in its design or execution — 
in both aspects, I profess for it all the respect which 
becomes a citizen under that Government, and one 
who, having tried and trying (in another measure) 
the same experiment of collecting statistical informa- 
tion from masses of people, may be supposed cogni- 
zant of the pecuHar difficulties which hinder it from 
giving exact results. With this, however, I may be 
permitted to say that, as far as I have means to judge, 
the Census does not represent the extension which 
this branch of industry has received in Maryland: 
nor is there any existing document that does. 

In this view, I have pretermitted for the present 
all reference to the higher states of manufactured 
Iron, except where some particular in regard to them 
was necessary to illustrate the conditions of crude- 
iron: it is my design (if it be not inappropriate to 
speak here, in a public document and under such dis- 
tinguished auspices, of individual intentions) it is my 
design to give to this subject of (so-called) wrought- 
iron, a place and a Report by itself. But in order to 
its being placed in its proper aspect, it is necessary 
as a preliminary, that reference should be had to re- 
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searches into the crystalline form of Iron under dif- 
ferent circumstances^ and to an investigation of the 
electro-chemical forces that are excited in Iron, va- 
riously alloyed, by exposure to a high temperature. 
It is obvious that only by an inductive theory, 
founded upon such research and investigation, can 
we arrive at the means of foreseeing and remedying 
the casualties which not unfrequently occur from an 
undue reliance on constructions of this metal, or at 
least of diminishing the risk which is daily accruing, 
one may say, to millions (on rail roads and steam- 
boats, for instance) in its employment. Such means 
of prescience and prevention are, I venture to think, 
in a measure within our reach. Of the scientific 
interest or social importance which attaches to their 
attainment, I need not speak. 
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A PREFACB being considered the explanatory 
address of an author^ it is usually expected that he 
should therein elucidate his motives in attempting to 
attract attention. 

With high respect^ therefore, for the gentlemen 
embarked in the Iron trade op Great Britaiit, 
I submissively beg leave to state that my intentions 
are, to endeavor to point out by what means they 
may make iron, better and cheaper than is now 
usually done at Coke iron-works. And the attempt 
will, I presume to think, be entitled to the attention 
of those gentlemen, whom it is most particularly cal- 
culated to assist; although there is no doubt but 
that the means I have to recommend will, like all 
human projections, be found capable of great im- 
provement. 

I have endeavored to demonstrate the practica- 
bility of making equally as good iron with coke as 
with charcoal ; and also with a species of ore which 
is at present rejected, when good iron is to be made« 
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And the cost of so doing will be less than that of the 
present common puddled coke-iron. 

Iron-metallurgy has been but slightly examined in 
a truly scientific view; and, therefore, I shall think 
that I have accomplished a material point if I only 
make ^^the darkness visible,'^ in which so important 
a manufacture is enveloped. But it will afford me 
no small gratification to see the subject, in abler 
hands, elucidated in the manner it is capable of be- 
ing. Then will the more harmonious and admirable 
effects of genius and industry be substituted for the 
unnatural and devastating system o{ force; and every 
artist may then trace the causes of all his various 
results to their source. 

This Treatise will suggest several new and impor- 
tant improvements in iron-metallurgy : particularly in 
the smelting of iron-cinders or slags (especially refi- 
nery-cinder) produced in considerable abundance 
and nearly a useless residuum at iron- works; and 
also of refractory iron-mines, and their conversion 
into perfectly good bar-iron — ^a difiiculty not hitherto 
tsurmounted« 

Professing to give an elementary Treatise, I have 
as little as possible interfered with manipulations; 
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processes are the paths from causes to effects, and 
caprice or fashion may pursue the road most agreea- 
ble to its fancy. I mean to lay down the principles 
of iij^on-making only, and shall endeavor to trace 
some hitherto unexplained effects to their causes, 
leaving the form and fashion of various apparatus 
totally out of the question. 

In this Treatise, therefore, the mere practical man 
may find but little to afford him amusement ; but the 
scientific, much for his reflection. 

S. ROGERS. 



AN 

ELEMENTARY TREATISE 
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INTRODUCTION. 



The separation of Iron from its various combi- 
nations upon scientific principles has been hitherto 
little practised^ and still less encouraged^ in Great 
Britain. The processes employed are generally con- 
signed to persons specifically appointed in different 
departments of the work. Many of these persons 
are very intelligent, clever and reasonable men, and 
many there are who are otherwise. The works 
over which the latter kind of men preside, will 
always be behind in the march to perfection ; for it 
is a truth which is often remarked, that the Estab- 
lishments at the head of Manufacturing concerns 
are always those which liberal-minded men are em- 
ployed to conduct. Persons of this kind endeavour 
to shorten the way to really great and permanent 
improvements. The opposite kind retrograde as 
2 
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much as possible from the never-erring footsteps of 
Science. 

I have attempted in the following pages to ky 
down the outlines of a system for producing good 
Iron, in larger quantities, in a cheaper manner, and 
of a more uniform and better quality than is usually 
done at coke iron-works. The track I have pur- 
sued is, I believe, nearly unbeaten. I am therefore 
entitled to some indulgence : for he who proposes a 
new system may be considered somewhat in the 
light of a man who has to i*emove an old house 
before he can build a new one. Every body concurs 
in the opinion, that ^^ pulling an old house about 
one's ears" is no enviable occupation. 

It perhaps may be necessary to explain the theory 
I have pursued in this treatise. This I will do in 
as concise a manner as possible. 

First will be considered the materials employed 
in Iron-smelting, as compounds of different kinds; 
and those compounds I have separated into their 
elementary particles. By this arrangement we have 
a synopsis of all the elements employed ; and their 
future combinations may be then anticipated with 
an exactness obtainable in no other way. Any one 
element of the different compound bodies, I have 
considered identically of the same nature with a 
similar element in any other compound : for instance, 
oxide of iron is a compound of oxygen and iron — 
remove the oxygen and nothing remains but the 
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iron. It is upon such grounds I conclude, that as 
good iron may be made from one combination of 
which iron forms a part as from another. It is 
well known that charcoal produces better iron than 
coke, and scientific investigation ought to give the 
reason and point out the mode of obviating the 
difficulty. * * 

The great desideratum in Iron-making is, to sepa- 
rate all the elements combined with the iron in the 
ores or cinder, from which we wish to obtain the 
metal. These various elements are all of them per- 
fectly different, insulated atoms, which have the pro- 
perty of uniting and forming various compounds; 
and this inherent property is put into action either 
by the pressure of the atmosphere, by magnetic 
influence, or some other natural, though yet undis- 
covered cause, assisted by Caloric, Light, and conti- 
guity^ If this be the case, we have only to know 
what elements are to be operated upon, and with- 
drawn from their combination with the iron and with 
each other, to point out the additions necessary to 
attract all the various elements by a more powerful 
affinity than that which unites them with the iron 
and one another — ^producing new compounds with 
the additions made to effect this purpose. It is on 
this account that I so strongly recommend the com- 
plete and accurate analysis of all the different mate- 
rials employed in Iron manufacture ; for without such 
information, synthetical attempts to make good Iron 



12 

or good furnace-cinder will always prove irregular, 
and frequently abortive, and good materials will be 
blamed by improper and random applications. 

The introduction of an active saline flux into Iron- 
metallurgy would have a most beneficial influence in 
producing good Iron or Steel; and in this respect 
alone, it has a claim on the consideration of those 
concerned in the Iron-trade. The addition of soda 
will have the advantage of saving both air and fuel — 
to say nothing of time and the improved quality of 
the iron. That something is wanting will be appa- 
rent from the following statement, viz: 

To melt a ton of pig-iron requires about 1 barrow 
of coke ; and as there is generally 2 tons of cinder to 
the ton of iron produced from a blast-furnace, we 
will suppose that 2 tons of cinder require for fusion 
2 barrows coke ; and to withdraw and saturate the 
oxygen of the iron will require 2 barrows more; 
and allow for several circumstances 1 barrow more, 
in all 5 barrows, which ought to make in the blast- 
furnace 1 ton of pig-iron: yet it usually requires 10 
barrows coke to make a ton of iron. This circum- 
stance therefore indicates some radical defect in the 
usual routine of Iron-smelting.* 

I The radical defect noticed in the text, although sufficiently real, seems 
hardly to follow in strictness the premises which have been laid down for its 
lesult. For instance, the relations of the specific heats of the different sub- 
stances, have been left out of view entirely. Without entering into long 
details, which neither the object nor place of this note call for, I will yet in- 
dicate the steps of a more proximate calculation on this point; as follows : the 
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It is probable that ftmbilUy is all that is wanted to 
save one-half of the fuel required usually in blast- 
furnaces; and consequently half the air also. This 
would be no trifling consideration. For instance^ 
an engine whose steam cylinder is 50 inches, or 
about 80 horse power, will blow 12,000 cubic feet of 
air per minute, at a pressure of 2 lbs. per square 
inch. This quantity of air will be sufficient to pro- 
duce 26 tons of iron per day. If half the air, at half 
the density, (and density has nothing to do with the 
quantity of air driven into furnaces; the same quan- 
tity will always produce the same effect, density only 
gives velocity,) only would be required with the 
application of soda, an engine of the same power 
would produce 24,000 cubic feet per minute, and 
taking only i the quantity to the ton of iron, the 
same engine would give blast sufficient for 1 00 tons 
per day.* This subject alone has therefore no slight 

specific heat of crude Iron we may take at 0.11, that of water being 1.; that 
of cinder la about 0.196, and that of protoxide of Iron 0.32. Their ratios are 
then 1. — 1.T7 — 2.99. We assume 2 tons of cinder to 1 ton of crude Iron, 
and we may also assume the protoxide of Iron in the ferro-carbonates to be 46 
per cent, and the quantity of ore producing 1 ton of crude Iron to be 3 tons : 
and we have then the following syntagm, expressing the heat necessaiy for 
the fusion of the materials : 

(c) 2X 1-77 + (o) 8 X 2.99 X 0.46 = 7.68. 

This represents correlatlvely the barrows of coke required ; without any 
allowance for contingencies. 

SThis conclasion follows more logically from the premises than that men- 
tioned in the last note ; but the defect here is in the premises themselves, and 
in the inappropriate idea of density, as expressed in the text. If by <*half 
the density," our author means I of the surplus elasticity of the blast above 
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claim upon Iron-masters. The saving of fuel how- 
ever has a claim on the consideration of the com- 
munity at large; for the aggregate saving of fuel 
in Great Britain would be nearly 1,000,000 tons 
annually.* 

Chemical action is instantaneous, provided the 
substances are brought into actual contact, whether 
the quantities be the millionth part of a grain or 
thousands of tons. This circumstance points to the 
advantage that would arise from the previous fusion 
of the ores and fluxes. The materials would thus be 
brought into actual contact with each other ; and as 
iron cannot remain in the state of oxide while in 
contact with carbon if the temperature be high, it 
would speedily be separated ; and the other matters, 
if the flux be in due proportion, would form the 
desired glassy cinder, with a certainty and expe- 
dition never hitherto accomplished. 

Such, therefore, are the grounds upon which I 
have built this treatise. 

that of the atmosphere, his arithmetical results are inaccurate : if he meant on 
the other hand, that a blast of elasticity equal in totality to 8| lbs. per square 
inch, i. e. 18-80 more rarefied than the atmosphere, then both his chemical 
data were inaccurate, and his mechanical arrangements necessary for sustain- 
ing rare&ction more complicated and as difficult as those required for keeping 
up condensation. 

On this subject of density, I have elsewhere expressed myself as partica- 
larly as the subject, in the present state of metallurgy, seems to demand. See 
Report on Manufacture of Iron, p. 288. ss. 

S The present consumption in Great Britain of coal for the manufiictofe of 
Iron, cannot safely be set down at less than 6,000,000 tons annually. 
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1°. Good iron may be produced from any mate- 
rial of which it forms a part; because if the other 
matters be removed^ nothing but pure iron would 
remain. 

2^. Any compound of which carbon is the pre- 
dominating ingredient, is as applicable to Iron-smelt- 
ing as another; remove the foreign matters, and 
nothing but carbon will remain. 

3^, All bodies having a tendency to combine in 
relation to their quantity and number, it follows that 
some mixtures are more fusible than others, in con- 
sequence of their constituent elementary atoms being 
in proportion better suited for true chemical union. 
Analysis, therefore, of the materials employed and 
produced in Iron-smelting, is the only true method 
by which the most advantageous combinations of th^ 
various elements can be discovered and syntheti- 
cally produced. 

4*^. As all the various elements combined with 
Iron in the ores, and with Carbon in the fuels, are 
required to be separated, there can be no other 
means adopted than dissolving or attracting out the 
same ; either by an addition of similar elements, so 
as to bring the whole into proportions best suited 
for chemical union, or by the addition of foreign 
active auxiliary matters that will do so. The in- 
troduction of Soda into blast-furnaces, will there- 
fore be that auxiliary : for Soda is one of the most 
powerful fluxes existing, and as such, the advan- 
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tage of its introduction into Iron-metallurgy will 
be great. 

5^. And lastly^ chemical action cannot take place 
unless bodies are in actual contact. How many 
feet will pieces of ore and limestone descend in a 
blast-furnace^ before they will melt and be brought 
into contact ! Hence the reason why I recommend 
the previous fusion of the materials/ so as to bring 
them atom to atom, forming a homogeneous whole. 

4 This subject will be found more partLculariy tieated of bereafier, in m 
special letter. 



LETTER II. 

nON IV GENERAL — MATERIALS EMPLOYED — ORES, FUEL, 

LIMESTONE. 

Ironf is considered a simple element; and good or 
b<id are termS; implying the greater or less quanti- 
ties of other elements with which it may be united. 
Sulphur, carbon, phosphorus, arsenic, silicon, cop- 
per, lead, manganese, chrome and oxygen^ have all 
been detected in combination with iron, injuring its 
quality more or less, in proportion to the quality and 
quantity of the alloying elements. It appears that 
iron acquires the name good when it has been nearly 
separated from the various earthy and metallic ele- 
ments, with which it was combined in the earthy 
state, or may have become so while being converted 
into the state of malleable iron; and that it matters 
not from what combination, or by what means it has 
been obtained, the iron itself is equally good: it is 
the alloys only that degrade it, and that to a degree 

ft Remliat and B«rthier hare wtmntod the eondosion that no oxygtn 
cia be present in the constitution of crude iron. 

3 
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in proportion to their quantities/ The separation 
of those foreign ingredients, therefore, comprises the 
business of the Iron-master, His task is both expen- 
sive and laborious, and has hitherto been performed 
by main strength, science having been scarcely re- 
garded. The time, however, is fast approaching, 
when scientific investigation will penetrate the ob- 
scurity which has for ages enveloped the most neces- 
sary and useful of all inventions, viz : the separation 
of Iron from its ores/ 

6 It may be safely affirmed, that in fact the purity and isolation of the ele- 
ment of Iron referred to here is never attained — all the iron of commerce 
containing more or less mixture or alloy : indeed, the chemical element of 
Iron, which may be supposed nearly or quite found in our electrotypic pro- 
cess, is, in cohesion and several external characters, quite different from what 
we are accustomed to recognize as metallic iron. How fiur irertain minute 
proportions of other elementary associations are necessary or suitable for con- 
ferring particular known characteristics upon the iron of commerce, ia m ques- 
tion to which I have devoted and shall continue to devote some time, in order 
to its being demonstrated by a full series of analytic and synthetic expe- 
riments. The result of these experiments when complete will form another 
part of these contributions. 

7 Since the period when the text was written, the anticipations here ex- 
pressed have been gradually going on towards realization. The Annales des 
Mines, in France, and the Archiv of Earsten, in Germany, have attested uni- 
formly the industry and frequently the talent and success of numerous contri- 
butors, whose interest and devotion are fostered to a greater or less extent by 
the di^rent governments in both countries. Hence, in the midst of many 
local difficulties, the French and German establishments are able to compete 
with the more favourable position of their English neighbors, and in some 
instances to attain results denied to the latter. 

' It is to be hoped, that before long the American government may find rea- 
son to extend a moderate encouragement to the devotion of time and learning 
in this branch of knowledge and industry : whose scientific importance can 
only be measured by the magnitude of its practical results and its social and 
civic advantages. 
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iThe Materials required for iron-making are first^ 
ores ; secondly^ charcoal or coke ; thirdly, limestone 
or other fluxes; and lastly, oxygen or atmospheric 
air. The ores are compounds of iron, oxygen, silica, 
alumina, lime, sulphur, and magnesia, and frequently 
other metallic and earthy substances before enume- 
rated as having been detected in combination with 
iron. To simpUfy the matter, we will suppose the 
ores to be compounds of iron, oxygen, silica, alumi- 
na, lime and magnesia. Charcoal and coke are also 
compound bodies; the former being carbon united 
with small portions of alumina,^ silica, oxide of iron, 

8 I note this passage principally to remark that, as far as I know, charcoal 
and wood-ashes contain no ahmina, M. Berthier, who has already remarked 
the same thing, explains the absence of alumina by its insolubility in water 
and by the presence of stronger bases, such as Lime, Magnesia, and the 
protoxides of Iron and Manganese, fully combining with all the vegetable 
acids of the tree. 

I have already in the former part of these contributions inserted some 
generalities on the composition of Wood. I may add here, from M. Berthier, 
the average constitution of white woods, seasoned : as under 

Carbon 88.48 

Ashes 1* 

Water in combination, 86.52 

Do. hygrometric, ..,.,.. 26. 

100. 

In charcoal, the earthy matters vary, according to the kind of Wood, and in 
proportion among themselves according to the soil producing it, from 1 to 6 
per cent. They may be considered on an average as about 2.6 per 100. 

A portion of them, varying, according to the Wood, from one-twelfth to one- 
fourth of the whole, is whihU in water. This soluble portion comprehends 
the alkaline salts; whose bases are potassa and soda, combined with carbonic, 
sulphuric and muriatic (and sometimes a trace of phosphoric) acids, and a 
little silica. This last substance, although in many plants and especially 
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potash^ and sometimes minute portions of sulphor 
and phosphorus; the latter fuel is also carbon^ 
more largely united with silica^ alumina^ lime and 
oxide of iron^ but without potassa^ yet it frequently 
contains magnesia^ sulphur^ phosphorus and some- 
times arsenic. 

Limestone is also a compound substance; generally 
consisting of lime^ carbonic acid^ silica^ alumina^ niag* 
nesia^ oxide of iron^ bitumen and water. Lime- 
stones containing magnesia in any material quantity 
should not be used^ because of its refractory property 
which it communicates to the compounds into which 
it enters. 

in the order of grai$e$ it generally abounds, is rarely in any qaantity in 
Wood. The remaining portion of the ashes is imobibU in water. It contains 
carbonic and phosphoric acids, silica, lime, magnesia and oxides of iron and 
manganese. 

Such are the substances met with in Charcoal ; and allbongh their i^latire 
qaantities are but yeiy small, we know that practically some of them produce 
marked effects. I have not the space here to exhibit the details of their 
relations ; which are however of high interest to be known by the scientific 
metalluii^st. I shall only therefore refer to M. Berthier, Toie Seche : i. S62 
ss.; where an extensive table of analyses will be found. 
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LETTER III. 

▲nt — ACTION OF THB MATE&IALg IK FURNACES. 

The other substance^ employed in Iron-making^ 
far exceeds in bulk and weight all those before 
mentioned^ and has hitherto escaped particular no- 
tice as regards its elements; I mean atmospheric 
air. This substance is a compound like the other 
materials^ with this difference: the former are solid 
and inelastic dense bodies; while this is light 
in proportion to its bulk, and elastic beyond the 
power of compression by any human means to reduce 
it to a solid. Its elements are oxygen^ nitrogen, 
hydrogen, carbon, sulphur (probably phosphorus,) 
and caloric. • For every cubic foot of ores, fuel and 
flux, that is thrown into the furnace, about 2,800 
cubic feet of atmospheric air are introduced; and 
for every pound of the inelastic material there are 
employed 4| lbs. of the elastic. *° This subject I 
shall however enter more minutely into as I proceed 
with these Letters. 

ft 8«e Appendix A. 

We are not yet justified in placing calorie among the lift of appreciable 
elementa. 
10 See Appendix B. 
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The action of these various bodies upon each 
other in the blast-furnace may be considered some- 
what in the following manner^ viz : the fuel in a state 
of incandescence decomposes the atmospheric air 
introduced, producing carbonic acid and probably 
carbonous acid [carbonic oxide] by an union of the 
pure carbon of the fuel with the oxygen of the air 
and a consequent disengagement of caloric ; another 
portion of the pure carbon of the fuel unites with 
the oxygen of the ore, which then escapes as a 
gaseous combination of carbon and oxygen, leaving 
the iron in a metallic state, but blended and included 
in a net-work of half fused earthy residuum of the 
ores and fuel; and a further portion of carbon is 
disposed of, by a part uniting with the iron, (now 
reduced to a metallic state,) forming pig-iron or a 
compound of iron and carbon, which then becomes 
fusible at a much lower temperature than pure 
iron, " and thereby enabling it in some degree to dis- 
engage itself from its entanglements with the earthy 
matters, which, in this stage of the process, we will 
consider as in only a semi-vitrified state; a still 
further portion of the carbon becomes united with 
the elements of the water introduced into the fur- 
nace [combined with the solid materials and] in the 

11 There is still uncertainty in the determination of the points of fusion of 
cmde and malleable iron ; which last is, I presume, meant by the expnasiofi 
of the text, fure iron. This subject has been already referred to, [Part I. 
/>. 216, noiU.'\ In the Appendix C. will be found some additional particulars ; 
whose statement would be too extended for a foot note. 
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state of vapor along with the atmospheric air^ form- 
ing gaseous combinations of oxygen and carbon and 
hydrogen, and hydrogen and carbon. The latter 
combination in the state of gas contains an abundance 
of latent caloric;^* the formation, therefore, of this 
compound gas may be considered as in some degree 
injurious, in consequence of the active caloric becom- 
ing latent, thereby reducing the temperature of the 
furnace, the medium by which the solid bodies 
become fluid. 

I am inclined to believe that the clear glassy 
furnace-cinder when produced, has the property of 
dissolving or at least holding in suspension another 
and no very inconsiderable portion ^' of carbon. In 
this stage of the process, then, we will suppose all 
the carbon of the cokes to be disposed of, and the 
iron reduced to the metallic state and united with a 
small portion of carbon, forming pig-iron; putting 

IS These compoands not exuting iiDaltered in proportion under ordinaiy 
circumstances in the liquid state, it is not so accurate to speak of their lateni 
beat; which is strictly the heat of conyersion into vapor. It may be pre- 
sumed, that our author had in yiew the capacity of heat (specific heat) of the 
elements, when set free finom their previous combinations. Thus hjrdrogen 
has a specific heat of 3.2986, that of an equal weight of water being 1 : vapor 
of carbon of (f Hff) = 0.8168: light carburetted hydrogen (J.HH) 
= 0.4770. All these gases absorb, in the proportions stated, more heat than 
carbonic acid; and their existence is undoubtedly injurious to the tempera- 
ture of the furnace : but their proportion is very small. 

It may be questioned, if there is formed in the furnace any compound of 
oxygen with hydro-carbon. 

iS On page 197 of Part I. are assembled the results of nineteen varieties of 
cinder, in none of which has carbon been detected. See on the same point 
also p. 206. 



24 

all other alloys for the present out of the question. 
We then shall have all the remaining elements of 
the ores and fuel^ (except oxygen and carbon^) left 
in a semi-vitrified state; which veould in such a 
state not only envelope the remaining particles of 
iron and other materials^ but in a very short time 
also impede the further introduction of a supply 
of atmospheric air^ and occasion the consequent sus- 
pension of further operations. Limestone is there- 
fore employed as a medium or flux to bring the said 
earthy residuums of the ores and fuels into liquid 
fusion; and the compound thus formed is a glass^ 
more or less perfect in proportion to its elements and 
the existing temperature of the furnace. 



LETTER IV. 

ACTION OF MATERIALS CONTINUED — DIFFERENT RESULTS 
FEOil THE SAME MATERIALS — NECESSITY OF COMPLETE 
FUSION. 

This glassy cinder not only enables the small 
and almost imperceptible particles of Iron to sub- 
side^ and then protects them from being oxidated 
by the air^ but also assists to fuse the earthy matters 
of the fuel immediately before the blast; thereby 
presenting a clean surface of pure carbon to decom- 
pose the air nearly as rapidly as it is introduced^ and 
consequently producing vivid combustion by the 
immediate disengagement of caloric, (the only essen- 
tial purpose for which air is introduced into fur- 
naces, ) which may be considered the primum mobile 
in all metallurgical operations. Such appears to be 
the action and re-action of the elements of the dif- 
ferent materials employed, during the working of an 
Iron-furnace. Carbon decomposes the air, producing 
carbonic acid and caloric ; another portion of carbon 
reduces the iron to the metallic state; and a still 
further portion of the carbon unites with the iron, 
giving it considerable fusibiUty. The limestones 
unite with the various earthy residuums of the ore 
4 
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and fuel; forming a more or less perfect glass or 
scoria. The iron, from its superior specific weight, 
sinks into the lowest part of the furnace, called the 
hearth, whence it is occasionally removed by the 
workmen, and the cinder floats on its surface, and as 
this accumulates beyond the quantity the hearth may 
hold, it flows away at an opening left for that pur- 
pose. This process appears to be easy of perform- 
ance; and yet circumstances frequently arise, (and 
apparently without any cause) that, in the course of 
a few hours, alter the nature of the iron and cinder 
in such a manner as theory can have no conception 
of: the same materials, the same weight and measure 
of each, the same blast in density and quantity, the 
V same workmen, and every iota the same, and yet 
without any visible cause, the results will be as dif- 
ferent as if different materials and workmanship had 
been employed. 

This invisible and apparently inexplicable cause I 
shall however endeavor to point out and remedy; 
and the principal requisite appears to be: to keep 
the fuel in the lower part of the furnace, as clean 
and free from thick semi-fluid cinder or scoria as 
possible, thereby, as before observed, presenting a 
surface of pure carbon to the blast; but to do so will 
require that all the earthy matters of the ores and 
fuel should, either of themselves or with the addition 
of limestone or other bodies, form a clear glassy 
cinder. When this is the case, the clear globules of 
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iron^ as soon as they revive^ are enabled easily to 
unite and subside. The cokes are^ from the com- 
plete fusion of their earthy parts by the said liquid 
cinder^ as fast as their carbonaceous parts burn away^ 
presented in a clean and pure state to the influence 
of the rapidly decomposing air, generating and keep- 
ing up the supply of caloric, (the greater part of 
which caloric again becomes latent before it quits 
the furnace,) and the cinder itself easily flows away 
from the furnace. The iron in this case will be * 
good, and the working of the furnace quite steady 
and uniform. 

But when the earthy residuums of the ore, fuel 
and fluxes are in proportions that will not, at the 
temperature of the furnace, produce this liquid glassy 
cinder, then the cokes and the other materials in that 
part of the furnace where fusion and the separation 
of the iron first conmience when the process is 
going on well, get enveloped in the half melted 
earthy masses, and are thereby protected from the 
influence of that portion of the blast that has escaped 
decomposition in passing through the lower part of 
the furnace; and the consequence is, such air be- 
comes decomposed in a higher part of the furnace 
than it should be, giving out caloric sufficient to 
produce more pasty cinder, but not enough, even 
provided the various earthy residuums were in pro- 
per proportions to do so, to produce the clear liquid 
glassy cinder. 



LETTER V. 

LiaUID FUSION CONTINUED — FURNACE SCOURING FURNACE 

IN GOOD ORDER — GLASS MUST BE PRODUCED ANALT8E8 

OF MATERIALS PROPOSED — ANALYSIS BETTER THAN ASSAY. 

This half melted scoria again envelopes more 
cokes^ and the air in consequence ascends higher 
and higher without decomposition and in quantity 
continually increasing, from the decreasing quan- 
tity of carbon in the lower part of the furnace, 
until at last a very large portion of the air originally 
introduced at the tuyeres escapes unacted on at the 
tunnel head. 

Now, to return to the boshes or lower part of the 
furnace; the mass of cokes, being thus entangled and 
cemented together by the half melted scoria, form 
channel or chimney like passages, which get cooled 
by the wind, extending many feet (sometimes) in 
height, and producing what are generally called long 
black tuyeres. The blast now rushes through these 
passages in a nearly undecomposed state. The 
globules of iron, instead of being protected by the 
cinder, as they exude from the mass rapidly de- 
compose the blast, and again become oxide of iron ; 
this addition to the thick pasty cinder, causes it to 
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become very fusible^ which^ as fast as it is produced^ 
(provided it escapes being solidified by the imme- 
diate action of the cold air^ and thereby being added 
to the already formed black tuyere, or perhaps form- 
ing a fresh one,) flows down in a high state of 
incandescence, from a continuing oxidation of glo- 
bules of iron, and the whole becomes a cinder, or 
more properly, a scoria, black, dense and brittle. 
A furnace in this state is technically termed scouring. 
It therefore appears, that when the earthy ele- 
ments of the ores, fuel and fluxes (after the separa- 
tion of the oxide of iron) will only produce, at the 
temperature of the furnace, a thick pasty half fluid, 
half solid cinder, " she will invariably be doing bad 
work; and that it is only by the re-production of 
oxide of Iron (in consequence of the decomposition 
of part of the blast, by the protruding globules of 
metal entangled in the scoria) that the fusion of part 
of this glutinous mass is at all accomplished, and the 
absolute extinction of the combustion prevented. 
But on the contrary, when the earthy parts of the 
materials used in blast-furnaces are (after the iron 
and oxygen are separated, as before stated) in pro- 
portions that, at the usual temperature of the furnace, 
will combine and form a thin, clear, glassy cinder, 
which will keep the cokes perfectly free and clean, to 
instantly decompose the blast, and consequently keep 
up the requisite temperature of the furnace, and also 

H TechnicaUy tough. 
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from its liquid and perfect fusion will allow the 
globules of iron to unite and precipitate, and after- 
wards protect them from being oxidated, and which 
will also itself easily flow in an uniform stream from 
the furnace, indicating the regularity of the process ; 
then the furnace may be said to be in good working 
order, and good iron will always be made. 

To produce a fluid glassy cinder is, therefore, the 
principal object of the Iron-master, but to do so it is, 
first of all, requisite that he should ascertain of what 
elements such a cinder is composed. This is a task 
which science will readily enable him to accomplish, 
and I conceive this to be the first step towards radi- 
cally improving the art of smelting Iron-ores. 

When he has ascertained the component elements 
of this good cinder, he will have some clue to the 
production of it synthetically, at any time. His next 
step should be to ascertain the elements of his ores, 
fuel and fluxes, then he will be enabled to apportion 
these bodies in such quantities as will, after the 
oxide of Iron is separated, leave a compound whose 
elements will nearly, if not quite, correspond with 
the proportions of the same elements in the said 
glassy cinder. His results will then be uniform and 
certain. 

Many very clever men have pursued the assay, 
instead of analysis. To have done so is no reproach ; 
but the assay only tells them that such ores contain 
such quantities of metal, and very frequently the 
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metallic part is one of the smallest of their elements. 
This may be satisfactory as far as regards the quan- 
tum of metal; but it gives no indication or infor- 
mation of the quantity, nature or number of the 
earths which require to be separated from it. The 
analysis on the contrary, informs us not only the 
quantity of metal in an ore, but also the quantity, 
nature and number of the earths, whereby data are 
given to calculate upon, which will ultimately lead 
through all the mysteries of analytical and synthetical 
chemistry. 



LETTER VI. 

TABLES OF MINES — GENERAL AVERAGE OF MINES — IXON- 
CINDEB CONSIDERED — GRANULATION OF IRON - CINDSRS 
RECOMMENDED. 

WiTHOtTT obtaining the accurate analysis of all 
the various materials employed in blast-furnaces^ 
the Iron-master wiW continue operating upon sub- 
stances he has little or no knowledge of; and his 
processes must necessarily remain in the same un- 
certain state they now are in. These analyses will 
afford him true data to calculate the most favorable 
results ; and there will be little danger of experienc- 
ing disappointment. These operations should be 
performed upon the dry and prepared materials, in 
the state in which they are introduced into the fur- 
nace, and the limestone I would recommend to be 
previously calcined. 

When the different materials have been analysed, 
let Tables of their elements be made out; and as 
time and further experience may elicit improve- 
ments let corresponding corrections and alterations 
be made. 

These tables to be formed somewhat in the follow- 
ing manner, viz : to make a table of mines, let it be 



I 
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calculated what quantity of the different mines the 
work may produce. 

But first of all it would be requisite to ascertain, 
how many kinds of mine there may be to calculate 
and operate upon. Suppose we say there will be 
three, viz : Ball, Pin, and Vein, " then let three or 
more analyses of each kind be taken, and an average 
of their elements made, and then a mean average of 
the different kinds again ascertained, thus : — 



I. Averaged Tabular Statement of Ball Mines — calcined. 





BLACK. 


6RET. 


WHITE. 


HBAK. 


Oxide of Iron, .... 


7«. 


75. 


77. 


76. 


Silica, 


16. 


17. 


15. 


16. 


Alumina, 


6. 


7. 


5. 


6. 


Lime, 


1. 


1. 


2. 


1.33 


Magnesia, .... 


1. 


0. 


1. 


0.67 




100. 


100. 


100. 


100. 



I must beg leave to remark, that the figures here 
introduced are merely employed to shew the nature 
and construction of the tables, and not as being the 
actual quantities of the elements of the different 
materials at any work; and also that it would be 

ift These terms are not very commoD in America, though of almost univer- 
sal acceptation in Great Britain. The beds of ore, besides this classification, 
are still farther qualified by some special epithets, which, no doubt, once had 
meaning in the original locality, but have long since lost it. Balls^ are 
nodules of ore; small and flattened or elongated balls are termed pint; 
though the epithet arises more particularly from their mode of occurrence 
and quantity, than from their shape. Vein mine is so called, when the ore is 
continuously stratified. This bears also sometimes the name of Band mine. 

5 
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utterly impossible to employ any set of figures to 
denote the proportions of elements of materials made 
use of at different works from the variations thence 
necessarily arising., 



II. Averaged Tabular Statement of Pin Mines — caldned. 





BLACK. 


BLUE. 


WHITE. 


MEAK. 


Oxide of Iron, 


74. 


72. 


76. 


74. 


Silica, 


16. 


18. 


17. 


17. 


Alumina, .... 


6. 


4. 


5. 


5. 


Lime, ..... 


3. 


5. 


2. 


3.33 


Magnesia, .... 


1. 


1. 





0.07 




100. 


100. 


100. 


100. 



III. Averaged Tabular Statement of Vein Mines — caldned. 





BLACK. 


WHITE. 


RED. 


MEAK. 


Oxide of Iron, 

Silica, 

Alumina 

Lime, 

Magnesia, .... 


70. 
16. 

6. 

3. 

3. 


72. 
20. 

3. 

3. 

2. 


74. 
16. 

3. 

6. 

1. 


72. 

la 

4. 
4. 
2. 




100. 


100. 


100. 


100. 



These averaging tables being made out, it will 
then be required to know how much of each kind 
the work may produce proportionally, and then a 
general average may be taken of the elements of the 
mines. Suppose we say, that for every 5 tons of 
vein mine, there will be raised 3 tons of pins and 2 
of balls, then the general table of mines will be as 
follows, viz: — 
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IT. Oenerat averaged Table of Vein, Pin and Ball Ores — 
oaldned: according to their reepecHve v>orkifig proportions' 





VEIN 


FIN 


BALL 






ORES, 


ORES, 


ORES, 


HEAK. 




20 per ct. 


30 p«r ct. 


20 per ct. 




Oxide of Iron, 


36. 


22.2 


15.2 


73.4 


Silica, 


9. 


6.1 


3.2 


17.3 


Alumina, .... 


2. 


1.5 


1.2 


4.7 


Lime, • . • . • 


2- 


1. 


0.3 


3.3 


Magnesia, .... 


1. 


0.2 


O.l 


1.3 




60. 


30. 


20. 


100. 



This will form the general table of mines, and any 
considerable variations in the quantity or elements of 
the different kinds may be easily corrected in making 
out the future tables. 

The cinder produced in the refinery and puddling, 
the reheating and finishing processes, may be consid- 
ered as ores of Iron from which it is desirable to 
separate the metal ; ^* and therefore, similar tables to 
the above, of the elements of this species of ore, 
should be made out, and the quantities of each kind 
stated in the proportion in which they may be pro- 
curable. 

But since there will occur considerable difficulty 
in keeping each kind of cinders by themselves, I 

10 On reading this passage I presumed it (upon the information 1 had then 
obtained as to the date of the patent of Mr. Hill, mentioned in Part I. p. 61.) 
to be among the earliest public notices of the applicability of this material. 
I have since found Mr. Hill's patent to have been dated in 1S14; that of Mr. 
Mushet, for the same purpose, in 1815. See Leuchs: Dat Niuette und 
NiUzlichile dir Erfindungen; £d. xix. p. 259. 
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would reGommend the re-fusion of the whole that 
may be obtainable, in air or low blast furnaces, with 
the addition of limestone, mine-kiln dust, shale, clay 
or coal ashes, (taking care to make as uniform a 
mixture as possible,) and then to remove the liquid 
mass into water, which would completely granulate 
it, and deliver it in a state favorable for future 
reduction. An analysis of this granulated mixture 
should then be taken about once a month, and en- 
tered in a book under the general elementary table 
before mentioned. 



LETTER VII. 

TABLB OP IBON- CINDERS — ADJUSTMENT OP FLUXES — LIME- 
STONE CONSIDERED — ALUMINOUS LIMES. 

But if the re-fusion and admixture of lime-kiln 
dust, shale and clay, or ashes, is not performed, then 
it will be required to have separate analysis of each 
kind of cinder, as before stated; and if the works 
should produce three distinct kinds, such as finery 
cinder, puddler's cinder and finishing cinder, and in 
the proportion of 5 of finery, 3 of puddling and 2 of 
finishing cinder, then make the general table of the 
elements of iron-cinders thus: 



V. Gevtercd averaged Table of Cinders according to their 

respective proportions of employment. 





riNERy, 
SOperct 


Pt7DDLK&'8 

aOperct. 


riNISHINO, 

(ftotttfwret) 
20 per ct. 


VKAN. 


Oxide of Iron, 

Silica, 

Alumina 

Lime, 


29. 
17. 

2. 

2. 


20. 
7. 
1. 
2. 


14. 
4. 
1.5 
0.5 


63. 

28. 
4,6 
4.5 




50. 


30. 


20. 


100. 



This will form the general elementary table of the 
iron-cinders, which should accompany the before 
mentioned general elementary table of mines. 
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It is certainly very desirable that the mine-kiln 
and lime-kiln dusts, and the shales, and also fire-clay 
and common yellow clays, should each of them be 
analysed, and their elements arranged. The ex- 
pense of doing so would be but trifling, compared 
to the advantage that may result from it," particu- 
larly as these bodies will be required as auxiliaries 
in making out good cinder tables; therefore, the 
average proportions of elements should be made as 
follows, viz: — 



VI. Table of the Average Composition of Auxiliary MaJterials. 





UINE-KILN 
DUST. 


LIME-KILN 
DUST. 


8RALE. 


riRE-CLAT- 


COM. CLAT 


Oxide of Iron, 
Silica, . 
Alumina, 
Lime, . 
Magnesia, . 


18. 
36. 
20. 
16. 
10. 


4. 
24. 

8. 
60. 

4. 


15. 

a4. 

23. 

21. 

2. 


4. 
54. 
40. 

1. 

1. 


6. 
58. 
31. 

3. 

2. 




100. 


100. 


100. 


100. 


100. 



These tables should follow those of the mines and 
iron-cinders and by that means they will be ready 
for future reference ; and they may be termed tables 
of diluting or adjusting fluxes. 

The limestones are next to be considered; and 
they should be most minutely examined, as their 
province in the blast furnace is to give fluidity to the 
earthy matters of the ores and fuel, which, otherwise, 

17 A great saving has been made in some works in Wales by following 
this advice in a small degree, but it has never been carried far. 
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would remain in only a semi-vitrified or porcellanous 
state. As it is probable that the perfect glassy cinder 
is a compound whose elements bear a relative pro- 
portion to each other, it follows that the limestones 
(either by themselves, or with the addition of some 
of the earthy matters last mentioned) should make 
that addition to the earthy residuums of the ores and 
fuel used in the furnaces as will produce a mixture, 
whose elements may nearly approach such relative 
proportions ; the necessity, therefore, of strict exam- 
ination into the limestone made use of is too evident 
to be slightly passed over. 

The beds of limestone accompanying coal and 
iron-ores are stratified in great variety and number, 
(in S. Wales particularly); scarcely any two beds 
being alike in their component parts. A selection 
therefore should be made according as analysis may 
direct. It is too often the case that limestones are 
procured for Iron-works from the spot most contigu- 
ous to the furnace without any consideration as re- 
gards their component parts, and it does not unfre- 
quently happen that good mine and fuel are con- 
demned, and the produce of the furnaces deteriorated 
from employing a refractory limestone, because it is 
cheaply procured. Customs are not easily over- 
turned, even when they are found to be notoriously 
bad; but truth and reason will ultimately prevail, 
because facts are unchangeable. 
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The limestone in which magnesia is found (if in 
large proportions) ought to he carefully rejected for 
furnace-work, as should also those in which silex 
greatly predominates.. The beds of aluminous and 
siliceous kinds should be worked and left separate, 
and an analysis taken, and the results tabulated, and 
as accurate an average made as possible. 

The averaging tables may be found thus, ^® viz : — 



VII. Table of the average ComposUion of aluminous Limestone. 



Lime, [Carbonate of] 
Silica, • 
Alumina, 
Magnesia, . . 



DABC 


WHITE 


BLUE 


GR£T. 


HORNT. 


HOKirT. 


76. 


76. 


73. 


8. 


6. 


13. 


12. 


16. 


11. 


4. 


2. 


3. 


100. 


100. 


100. 



75. 

9. 
13. 

3. 



100. 



18 The Author has here, as in one or two other places, abruptly tenninated 
bis letter in the middle of a subject. I may remark here, once for all, that 
as Editor, I have not considered myself called on, or allowed even, to make 
such changes in arrangement as would be required to bring these Letters to 
that point, in a literary regard, where I would hold myself responsible for 
their artistical execution. 



LETTER VIII. 

» 

SILICEOUS LIMEft — ADVANTAGBS OF SUCH TABLES — ANALYSIS 

OF COKE — TABLE OF COKE -ASHES. 

Then proceed in the same manner with the sili- 
ceous kinds of limestone^ thus^ viz : 



YIIL Table of the average ComposiHon of Siliceous Limestone. 





WBITK. 


OHST. 


BSOWN. 


MEAH. 


Lime, 

Silica, 

Mag^nesia, .... 
Alumina, .... 


74. 
16. 

6. 

4. 


76. 
18. 

4. 

2. 


72. 
20. 

2. 

6. 


74. 
18. 

4. 

4. 




100. 


100. 


100. 


100. 



These tables will be of essential service in enabling 
the furnace-manager to form his general mixtures in 
such a manner as will invariably produce uniform 
results. If he find his ores containing too large a 
portion of silex, he will, of course, employ a corres- 
ponding proportion of aluminous mines, while if the 
alumina should chance to predominate, the siliceous 
may be used. 

The good glassy cinder often contains an excess of 
6 
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lime which may be distincdy seen crystallized" in 
the lower or opaque part of the cinder, in atoms of 
all sizes, apparently suspended in the more perfect 
or glassy part. This excess of lime is, probably, 
no further injurious than in requiring a somewhat 
higher temperature for its fusion,*^ and the conse- 
quent lowering and also decreasing the extent of 
that particular situation in the furnace where the 
cokes are kept in a perfectly clean state by the com- 
plete fusion of the whole of their earthy matters ; a 
circumstance that should be as much as possible 
guarded against, for the reasons before stated. 

The analysis of coke should next be taken. This 
substance is generally used in blast-furnaces by 
measure; therefore 18 cubic feet (the barrows with 
which the furnaces in S. Wales are filled, being 
generally of that capacity) should be weighed, and 
then carefully burnt to ashes in a close stove or 
muffle, the ashes collected, dried and weighed, the 

10 A cryttaUization of the kind here spokoD of, I have never observed. 
With coke-furnaces, an excess of lime produces what has been denominated 
a lUhofid cinder: the same relative circumstances in charcoal-furnaces, owing 
to increased fusibility from the potash, lead to a vitreous cinder, but without 
apparent ciystallization. 

so In regard to the limits of application of lime we are warranted in M. 
Bertbier's conclusion, jSnn, de Ch. and Ph, xxxiii. p, 164, of its utility in 
taking up the sulphur of the iron-ores of coal-regions. Lime combined with 
silica in atomic proportions, has a much weaker agency in this regard. 

The infusibility of the cinder is the main limit to the application of lime : 
and this occurs on the one hand with equal quantities of oxygen in the silica 
and in the lime, and on the other when there is four times as much oxygen 
in the silica as in the lime. See Part I. p. 196. See also Appendix D. 
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difference then between the original weight of the 
cokes and of the ashes produced ( making reasonable 
allowance for moisture) may be estimated as carbon. 
The whole should be tabulated thus : 

Average weight of 18 cubic feet of cokes, . . . 450 lbs. 
Weight of ashes after combustion, . . 20 lbs. 
Probable moisture, ]0 " 



30 



tt 



Leaving the weight of carbon, .... 420 Ibs.^^ 

Here it may be necessary to remark that all com- 
bustible matters^ except carbon, are put out of the 
question ; for experience has demonstrated that cokes 
containing much sulphur or phosphorus are injurious, 

SI At some establishmenta in Wales the gross allowance for the barrow of 
coke is 420 lbs. leaving less than 400 lbs. of carbon. Generally the pure 
carbon may be rated at 86 per cent, of the gross weight of the coke. In 
Wales and in Maryland, this proportion would be nearer 95 per cent; while 
on the continent of Europe, in Virginia, and near the Ohio, it will be found 
about 75 per cent. 

With regard to the quantity of moisture, some experiments made by my- 
self upon small pieces exposed for a short period to an atmosphere of steam, 
others to absorption from the ordinary atmosphere during a week, warrant 
me in stating the moisture absorbed to be from 0.5 to 3.5 per cent, of the 
weight of fresh coke. The difference seems to arise from the mechanical 
texture of the coke. I presume that the circumstance of there being, in the 
small pieces experimented on, more absorbing surface in relation to the mass 
than occurs in practice, is compensated by the quality of the pieces made 
carefully for my experiment. Their texture was very compact. By immers- 
ing a piece of fresh coke, a few degrees above the temperature of the atmos- 
phere, in distilled water, the absorption was 22 per cent, of the weight. 

If, in accordance with these deductions, we take the weight of moisture at 
2 per cent, of the barrow of coke, the effect of such a proportion becomes 
worthy of notice, the whole quantity of vapor in 24 hours being about 630 lbs. 
neoriy half as much as is introduced by a very damp blast. 
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and they have therefore been pretty generally rejected 
at blast-furnaces: accordingly^ it is concluded that 
the cokes usually employed are only compounds of 
carbon and the earths before mentioned^ and that it 
would be going too far into minutiae and making the 
subject too intricate^ to suffer such small quantities 
of matter^ like the sulphur^ phosphorus or arsenic 
found in cokes, (except the very worst kind,) to 
enter into elementary tables and consequent calcula- 
tions of matters which, although confessedly inju- 
rious in bar-iron, are of little consequence in blast- 
furnaces. Pig-iron, as now made with cokes, is an 
alloy of many elements, and it is the after-process 
which must separate the alloying substances, and the 
more perfect the separation is, the better will be the 
bar-iron.** 

To return, however, to the ashes produced from 
the barrows of cokes: we have 20 lbs. weight, and 
they may probably be a compound" of 



Silica, . 


6 lbs. 


or 90 per 100 parts 


Alumina, 


5 


5» 


Lime, 


4 


90 


Magnesia, 


2 


10 


Oxide of Iron, 


3 


15 



20 100 

But perliaps the best way would be to form a table 
of elements of ashes of the several veins of coals 

« See Note 6. 

83 Several actual analyses have been already given in p. 154, 157, of Parti. 
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from which the cokes used in the furnaces are made, 
(taking care to average them as fairly as possible,**) 
after the following manner: 



IX. General Table of the awraged constitution of Coal Ashes. 



Oxide of Iron, 
Silica, . 
Alumina, 
Lime, • 
Magnesia, 



TARO 


KSD 


WATEBT 


FIERT 


4 rooT 


VZIJf. 


VEIN. 


VBIN. 


VEIN. 


TCIN. 


15. 


17. 


13. 


16. 


10. 


30. 


28. 


32. 


30. 


25. 


25. 


18. 


22. 


35. 


40. 


20. 


26. 


20. 


14. 


20. 


10. 


11. 


13. 


6. 


5. 


100. 


100. 


100. 


100. 


100. 



MEAN. 

14. 
29. 

28. 

20. 

9. 

100. 



M The average composition of the ashes of the coal of the Georges* Creek 
basin in Maryland may be taken as under, viz : 



Oxide of Iron, 
Silica, . 
Alumina, 
Lime, . 
Magnesia, a trace 



45 
88 
11 
11 

100 



It is very probable, however, that the quantities in the text were found in 
•ctual analyses of coal in the neighborhood of Merthyr. 



LETTER IX. 

ADVANTAGES OF ANALYSING COALS — COLD-SHORT PROPERTY 
HINTED AT — AIR REaUIRED TO THE TON OF IRON. 

The ashes of cokes frequently regulate the use or 
disuse of particular veins of coal ; this circumstance 
therefore points out the necessity of ascertaining the 
nature and proportions of their elements. By so 
doings that substance which may^ from its excess or 
deficiency, have been the cause of the rejection or 
only partial use of any particular veins of coal, will 
be detected, and then its bad effects with blast-fur- 
naces may be neutralized, or so far corrected by the 
addition of elements that may be deficient, as to 
render it a fuel equal in value to any other veins that 
are considered good. 

By the analyses of the ashes fi*om the different 
veins of coal or (what would be still better) by a 
complete analysis of the coals themselves, it would 
be ascertained which vein would suit best for fur- 
naces and fineries, and which for the reverberating 
fires, engine-boilers, &c. where neither the ashes 
nor the fuel come into immediate contact with the 
iron. A neglect in this particular may communicate 
qualities to the metal that would materially injure it, 
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such as causing it to become too red-short or too 
cold-shorty qualities that have puzzled the most ex* 
perienced iron-masters to account for. The fumes of 
bismuth instantly render gold brittle without any 
very perceptible addition being made to its weighty 
evidendy indicating the quantity of the injurious 
body to be eminently small. The fumes of some 
volatile body in the flame of the reverberating fur- 
nace may communicate similar or other peculiar 
qualities to iron, causing it to become cold-short or 
red-short, (other probable reasons will, however, be 
hereafter considered, relative to these singular quali- 
ties,) and when once combinations have taken place, 
it is no very easy task perfectly to separate them. 
To strike at the fountain-head of such evils, should, 
therefore, be the main object of the iron-master; and 
an analysis of his coals will be the most likely means 
of obtaining the requisite information for this pur- 
pose. 

I believe I have now enumerated all the dense 
and inelastic materials usually employed in smelting 
iron, and many may think it unnecessary to scrutinize 
into the other materials; but since there is among 
them a substance employed in such volumes, as well 
as in such very great weight, and upon the whole 
so absolutely necessary both in carrying away the 
great excess of carbon and generating the neces- 
sary supply of caloric, it would (I should conceive) 
be only half attempting the radical improvement of 
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iron-making^ to neglect stating and calculating upon 
the elements of the atmospheric air required to pro- 
duce one ton of pig-iron. 

In coke furnaces it requires about 480 cubic feet 
of atmospheric air per minute^ to make one ton of 
pig-iron per day, or a total of 691,200 cubic feet of 
air to every ton of pig-iron.*^ This air is usually 
driven into the furnaces at a density of 2 lbs. pressure 
on the square inch, or 288 lbs. upon every square 
foot, and its velocity is about 400 feet per second of 
time, or upwards of 270 miles per hour. Now, 
1,000 cubic feet of atmospheric air weigh 75 lbs. at 
a mean pressure and temperature, and therefore the 
691,200 cubic feet of air will weigh 61,840 lbs." or 
upwards of 23 tons. 

It is well known that the atmosphere contains 

55 Since the period when the text was written, several circumstances bare 
contributed to lessen the consumption of air: so that it cannot be stated at 
more than 19 tons of air for the ton of iron, as already mentioned. Part I. 
pp. 168, 282. The number of cubic feet corresponding, varies of course with 
the pressure used. At 30 in. Bar. and 60^ F. 19 tons would be represented by 
556.840 cubic feet, veiy nearly. 

56 This entire paragraph can be more accurately stated by reference to the 
tabular values given on p. 240, Part I. Thus, with a pressure of 2 lbs. per 
sq. inch, the velocity of the blast is 458.8 feet per second, or upwards of 
812 miles per hour. A cubic foot of air at the mean atmospheric density 
and temperature of 60° F. weighs 0.0765 pounds avoirdupois; and 1,000 
cubic feet, therefore, 76.5 lbs. at a mean, and with a pressure of 2 lbs. per 
inch— 86.5 lbs. very nearly: so that the 691,200 feet, if there were so many, 
would weigh 59,789 lbs. = 26.7 tons nearly. 

The object in view will be, however, equally well answered by considering 
the numbers in the text as arbitrary, and in this light they are therefore 
retained. 
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several other gaseous bodies besides oxygen and 
nitrogen, which are considered as the only probable 
constituents*' of pure atmospheric air, and carbonic 
acid gas and water in a state of vapor are looked 
upon as the principal impurities; but it is extremely 
probable, with the continual evolution of gases from 
decomposing bodies of all kinds, that a variety of 
gaseous bodies (besides water and carbonic acid) 
are diluted in the atmosphere. Supposing this to be 
the case, I will now proceed in my attempt to ana- 
lyse the quantity required, in the general use of 
coke-furnaces, to produce a ton of pig-iron. 



S7 See Appendix A. 



LETTEE X. 

ANALYSIS OF ATMOSPHERIC AIR — IMMENSE aUANTITT 

EMPLOYED AT SOME WORKS. 

From various experiments by several eminent 
philosophers, it appears that the quantity of carbom'c 
acid gas in the atmosphere is either liable to conside- 
rable variation, or else that the actual quantity has 
not been accurately made out; for some have given 
it as high as 6 per cent., and others have stated it at 
not more than the one thousandth : however, suppose 
we estimate it at 2 per cent, by weight,^ we then 
shall have in the 61,840 lbs. of air, 1,036 lbs. of car- 
bonic acid. This compound is formed of 72 oxygen 
and 28 carbon, according to the apparently accurate 
experiments of Lavoisier, Allen and Pepys, and 
other philosophical chemists; but for the ease of cal- 
culation, as well as being more in accordance w^ith 
the atomic system, I prefer stating the elements of 
this acid gas to be 3 of oxygen and 1 of carbon :** 

S8 See Appendix A, for a rectiiication of this unusual mistake; which 
however, as the numbers are merely for illustration, I leave unaltered on the 
text. The true quantity here would be about 24 lbs. instead of 1,036 lbs. 

29 The author had possibly in view here the peculiarities in the compounds of 
carbon, when estimated according to volumes — ^peculiarities which arise from 
the hypothetical value which must necessarily be given to the specific gravity 
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by this statement we have^ in the above quantity of 
carbonic acid gas^ 269 lbs. of pure carbon and 777 
lbs. of oxygen. 

Water is dissolved in the atmosphere in various 
proportions ; and many estimates have been given of 
its quantity. There is no doubt, however, but that 
temperature governs the actual quantity, and if we 
estimate it at 1 per cent, at a mean temperature, we 
shall not be much over-rating it; this will produce 
from 61,840 lbs. of air, say 618 lbs. of water, and if 
water is a compound of 86 oxygen and 16 hydrogen, 
we shall have in this 618 lbs. of water, 440 lbs. of 
oxygen, and 78 lbs. of hydrogen.^ 

The remaining impurities of the atmospheric air 

or the vapor of carbon. Tbas Dr. Turner estimates this vapor at 0.4215: 
Mitscherlich has given it at 0.S438 ; a quantity which I have used in a previous 
note. The composition of oxide of carbon and of cyanogen gas illustrates 
these peculiarities, a half measure of vapor of carbon entering into the former, 
according to the higher determination, and a whole measure according to the 
lower; while the latter is, by Mitscherlich, supposed to be made up of one 
measure of carbon-vapor absorbed by one measure of azote, but by Turner, 
of two measures similarly absorbed. 

It is not impossible that in view of an habitual principle which may here- 
after be more fully recognized, viz : that when gates untie in equal volumes 
there is no condensation^ neither of these estimates are correct; but that the 
vapor of carbon will be considered as having a specific gravity of 1.2687 — a 
determination which would tend to harmonize the mechanical laws governing 
the diffusiveness of gases and the, as yet, somewhat arbitrary alligations of 
volumes. It is obvious that in all these theoretical variations of combining 
volumes, the atomic relations of toeight remain unaltered. The numbers, 
therefore, in the text which refer to weights, are erroneous. They are how- 
ever left, as in other instances, for the reasons heretofore given. 

30 See Appendix A. 

Water, may be stated nearly enough at 89 oxygen and 11 hydrogen per cent. 
See Mitscherlich : Chimie i. 27, and Jnn. de Ch. et Ph.xv. 395. 
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may, within the bounds of probability, be estimated 
at a thousandth part of the whole; therefore, in the 
said 51,840 lbs. of air, there may reasonably be com- 
puted, say 52 lbs. of casual impurities, exclusive of 
the carbonic acid gas and water. Those 52 lbs. may 
be compounds of oxygen, hydrogen, nitrogen, car- 
bon and sulphur or phosphorus; and, if we estimate 
these elements in the following proportions, viz: 
oxygen 10, hydrogen 6, nitrogen 18, carbon 8, sul- 
phur 8, and phosphorus 2; these united weights will 
form the above 62 lbs. of casual impurities. 

Now, if we add together the weight of these va- 
rious gaseous bodies, viz: carbonic acid 1,036 lbs., 
watery vapor 618 lbs., and the casual impurities 
62 lbs., we shall have a total of 1,606 lbs.; then 
to obtain the actual quantity of pure atmospheric air, 
i. e. the due admixture of nitrogen and oxygen only, 
we must deduct this 1 ,606 lbs. from the gross weight 
of the 691,200 cubic feet or 61,840 lbs. before 
stated — the result will be 50,234 lbs., which must 
consequently be the weight of the pure air. This 
pure air being a compound of 3 parts nitrogen, and 
1 of oxygen, (at least I employ these proportions for 
the reason before assigned, in stating the elements of 
the carbonic acid to be 3 of oxygen and 1 of car- 
bon,) therefore the 50,234 lbs. will be composed of 
12,568^ lbs. of oxygen and 37,675^ lbs. of nitrogen; 
so that the total elements of this said 51,840 lbs. of 
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atmospheric air may be considered as approaching 
the following proportions and quantities, viz :'* 



Oxygen, .... 
Do. in carbonic acid, 
Do. in watery vapor, 
Do. in casual impurities, 

Nitrogen, .... 
Do. in casual impurities. 

Carbon in carbonic acid. 
Do. in casual impurities. 

Hydrogen in watery vapor, . 
Do. in casual impurities. 



12,558i lbs. TOTAM. 

777 " 

440 " 

10 " 

13,785J lbs. 

37,675i " 

18 



259 

8 



78 
6 



i< 



Cf 



f( 



tC 
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37,693i " 



Sulphur, 
Phosphorus, 



267 



84 
8 

2 



(C 



II 
II 

II 



Elements of 691,200 cub. feet of atmospheric air: 61,840 lbs. 

This large volume and weight of air being re- 
quired, in coke furnaces with the present materials, 
to produce only one ton of pig-iron, it may appear 
surprising to persons not acquainted with iron-smelt- 
ing how so exceedingly bulky a material could possi- 
bly be supplied ; yet this wonder will most probably 
increase when they are informed that single estab- 
lishments in S. Wales have engines of such power 
that they compress into the furnaces upwards of 

31 This calculation and statement is very well as shewing the roate of the 
inTestigation. Otherwise the quantities can hardly be considered an approxi- 
mation of the fact. The constituents and their proportions of thfe atmosphere, 
as near as it is necessary for metallurgic purpose, have been previously given 
in the former part, p. 189, 
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60^000^000 cubic feet of atmospheric air daily, i. e. 
about 2,000 tons,^ with a pressure of 288 lbs. upon 
the square foot at the lowest calculation, and a ve- 
locity, as before stated, exceeding 270 [310] miles 
per hour. 

33 The greatness of this consumption might almost tempt one to tremble 
for the equilibrium of the atmosphere, from which it is supplied. But Ttst 
as it is, when it comes to be multiplied by the number of similar establish- 
ments in Great Britain and elsewhere, it is yet nothing in the immensity of 
the provision of the earth -system, where it finds its resource. For instance, 
the whole weight of our atmosphere cannot be set down at less than 5,137 bil- 
lions of tons; nor the oxygen in it at less than 1,1 SI billions. Now, taking 
the eatire annual production of iron, on the face of the earth, at S millions 
of tons (which is one-half more than it really is) the yearly consumption of 
oxygen would be only about 18 millions of tons. And if we suppose that in 
all other manufactures and industrial pursuits, wherein oxygen is consumed, 
twice as much more is required, making in all, say 40 millions, we would yet 
find, upon calculation, that 800,000 centuries must elapse before all the oxy- 
gen would be destroyed. 

In point of fact, the great department for the use of oxygen is in the sup- 
port of animal life. If we suppose 1,000 millions of men upon the earth 
(which is at least one-fiflh more than we have reason to believe actually 
exist) and consider the lower animals as equivalent te a daily consumption 
by 8,000 millions more, which is a current estimate — their joint conversion of 
this element might amount to about 1,600 millions of tons per annum ; at 
which rate, however, 8,000 centuries must elapse before all the oxygen at 
present in the atmosphere would be used up. 

We see then that with the exaggerated factors which we have attributed to 
the metallurgic consumption of oxygen, it is only about the one-fortieth as 
effective as the demand for keeping up the animal machinery; in which, as in 
aU other engines where caloric is required, carbon is burnt. Both depart- 
ments of expenditure, however, return what they have thus demanded to the 
atmosphere, and through that to the vegetable kingdom, in the shape of ear- 
bonic acid; to be decomposed by plants, which fix the carbon and liberate 
the oxygen again to go through its recurrent process. The respective pro- 
ductiveness in this regard is, if any thing, in favor of the furnaces ; which, 
in a given time, yield a greater proportionate quantify of carbonic acid than 
animals are supposed to furnish. 



LETTER XI. 

SOURCES OF ORGANIC MATTER TABLES OF AIR — WATER IN 

BLAST - FURNACES. 

The immense quantity of atmospheric air decom- 
posed^ and its oxygen converted principally into 
carbonic acid in all operations of fire, is a subject 
fraught with wonders. 

Millions of tons of carbon, now lying dormant in 
the bowels of the earth, will, in process of time, by 
means of caloric, oxygen, hydrogen and nitrogen, 
become animated nature, filling the proudest cities 
with bustling inhabitants, clothing barren wastes with 
luxuriant verdure, and adding fresh tenants to the 
watery deep. The daily conversion of thousands of 
tons of carbon into an active and elastic gas, and the 
reversion of this gas into vegetation, and ultimately 
animalization,^ is one of the sublime and awfully 
grand wonders of the creation. 

To return, however, to the subject in question. 
Tables of the component parts of atmospheric air, at 
different densities and temperatures, would yield use- 

33 This subject has been placed in a very striking light by M. Damas, in a 
Discourse which has been recently published, and which has furnished or 
confirmed most of the particulars of the preceding note. An English trans- 
lation of this Discourse has appeared in the L. & E. Phil. Mag. xix. 887, 456. 
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fill and valuable results ; as they might possibly point 
out the necessity of increasing or decreasing the 
quantity of fuel required to produce any specific 
quantity of iron, according to the corresponding 
increase or decrease of the quantity of water intro- 
duced along with the blast.^ Such water not only 

M The detrimental effect in the furnace of the introduction of the Yapor of 
water, by occupying valuable space or affording occasion for useless chemical 
changes, is not so easy to be calculated : but what may be termed tbe imme- 
diate mechanical effect, may more readily be approximately stated. 

Thus, for instance, from the table in Appendix A, it may be assumed that 
during the period, from April to September inclusive, for every 1,000 cubic feet 
of blast employed in the charcoal furnaces of Maryland, there is introduced, 
upon an average, 1.21 lbs. of aqueous vapor, at a temperature of 57^ F. 
And as those furnaces require, at a mean, 800 cubic feet per minute, we may 
take the whole weight of vapor introduced in 24 hours to be 1440 lbs., abo 
the specific heat of that vapor may be taken at 0.847, that of water being 1. 
and that of iron 0.11. The sensible heat of the furnace may, in accordance 
with previous calculations (Part I. p. 248,) be taken at 8465<' F.; and 
we assume that a temperature of 212^ F. is to be imparted to the vapor 
before it either enters into decomposition, or is enabled by equilibrating the 
pressure of the atmosphere to pass out at the trundle-head, unaltered. 
These data arranged according to well known methodd of calculation, give 

1440 X 0.847 «» o » o- 

Q-^ — = 11,088 lbs. as the quantity of iron that would be raised in tem- 
perature 212° — BT> = ISS'*, by the same heat that would be absorbed in raising 
1440 lbs. of vapor to a temperature of 212*> : and farther ^jjgxQ-MTx i« _ 

- lu r • 'J L ^"'^ ^ S465 

496 lbs. Of iron raised to the permanent temperature of the furnace by the 
heat that is lost in converting the vapor of the blast into steam of elasticity 
equal to the pressure of the atmosphere. 

If instead of the factor 8465°, the assumed standing temperature of tiie 
materials in fusion, we employ the number 2786**, representing the actual 
fusing point of erode iron (see Appendix C,) we have finally 11088 X ^ = 
616.87 lbs. of iron that could have been melted by the heat wasted in the vapor. 

Theoretically, these numbers (at a mean about a quarter-ton per day) re- 
present the advantage in quantity produced by furnaces working in winter, 
above their summer yield. Practically, the difference is about a half-ton 
per day. 
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occupies space which should be filled with atmos- 
pheric air^ but also requires large and useless extrac- 
tions of carbon in order to neutralise its elements; 
consequently it is doubly injurious in blast-furnaces^ 
and the only antidote appears to be an increased 
dose of carbon. 

It is frequently imagined that the water thrown 
into the furnace along with the blast^ and which in 
moist and sultry weather is very considerable and 
cannot be avoided, is repeatedly decomposed and re- 
composed;** but I am inclined to think the contra- 
ry, and that it is only once (and finally, as regards 

35 The decompositions and recompositions which go on wUhm the famace 
are at best obscure, and could only hereafter be expected to become inferen- 
tial upon a soand indaetiye theoiy. At present, there is no necessity for 
supposing the vapor of the blast to be decomposed ; since more aqueous vapor 
comes out amid the gases of the trundle-head than went in with the blast, 
(Part I. p. 191,) and it is partly upon this assumption that the caleolationa of 
the last note have been made. 

Carefully conducted experiments might, however, afford us a direct proof 
upon this particular. Thus, if we assume the same data as just now, and 
farther that 1 pound of charcoal is capable of raising the temperature of 75 
lbs. of water 180^ (from 82® to 212®) we derive, by well known methods, 
3408^JM7^x_!440 ^ g^g pounds veij nearly, as the quantity of charcoal that 

would effectuate the heating of 1440 lbs. of vapor from 67® to 8465®. Thia 
would be the ex(ra>quantity of charcoal, required in 24 hours, to counteract 
what I have called before the mechanical disadvantages of the vapor of the 
blast. To effect chemical resolution and composition, however, on the as- 
sumption that the constitution of vapor is the same as that of water, there 
would be requisite in forming carbonic acid and carburetted hydrogen 

8 X 1440 X 3 , IjMOxe ^^ y^ ^^ ^^j^^^ ^^ ^^^ 

oxide of carbon and olefiant gas would require still more charcoal. The dif- 
ference in these quantities appears sufficient to absorb the enors of observa- 
tion and to allow a determination of the question. 

8 
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its oxygen) decomposed by the red-hot carbon of 
the fuel, forming carbonic [acid] or carbonous acid 
[oxide of carbon] and carburetted hydrogen gases: 
the consequent engagement of these portions of car- 
bon reduces that substance to a minimum in relation 
[i. e. beneath its due proportion] to the other de- 
mands for it ; so that a furnace under such circum- 
stances works in the same manner and produces the 
same results as if it had been overburdened, or had 
too large a proportion of mine thrown in with a bar- 
row of cokes. 

The carburetted hydrogen is most probably de- 
composed either by the oxygen of the oxide of iron, 
thereby producing water and a carburet of iron, or 
by the oxygen of the blast, producing carbonic acid 
and water. In either case I consider it by no means 
injurious : for carburetted hydrogen in a gaseous state 
is united with a large quantity of latent caloric, and 
so is the oxygen of the blast, and the union of these 
two gases producing water and carbonic acid must 
disengage nearly all their caloric, which will amount 
to a much larger quantity than if the oxygen gas of 
the blast were decomposed by the carbon of the 
cokes : and therefore what is lost by the decomposi- 
tion of recomposed water, is exactly compensated 
by the heat again given out during such recompo- 
sition ; for the only utility that the oxygen is of in 
a furnace is to give out heat, and whether such oxy- 
gen unites with the carbon of the cokes in the first 
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instance^ or whether with the carbon of the carburet- 
ed hydrogen (originally from the cokes) and with the 
hydrogen also, it can make no possible difference, as 
there can only be disengaged the latent heat of the 
oxygen originally introduced into the furnace,* and 
there can be no more carbon carried off ultimately 
than the quantity sufficient to saturate the elements 
of the water that may be thrown into the furnace. 
The reduction of the charge of mine, or what will 
amount to the same thing, an increased dose of car- 
bon, is therefore the only antidote to a blast laden 
with moisture. 

90 Although it may be admitted as a fact, that, in general, the union of 
combustibles nvith oxygen is the source of sensible caloric and that the quan- 
tity of oxygen so united is a measure of the heat disengaged, it is neverthe- 
less to be borne in mind that the epoch at which such union takes place is of 
considerable consequence,— theoretically, at least: or in other words, the 
same combustible elements (having reciprocal affinities) may, from time to 
time, be differently arranged in such wise as to produce different develope- 
ments of heat by their respective combinations with oxygen. The illustra- 
tions of this subject are very interesting, both in theory and practice ; but 
would be too extensive for a note. 



LETTER XII. 

BAD EFFECTS OF WATER NEUTRALISED PERFECT FVSIOS 

DISCUSSED — ANALYSIS OF GOOD FURNACE CINDER RECOM- 
MENDED — CINDER OTHER THAN GOOD TO BE AKALTgED- 

If the quantity of water at these times introduced 
into the furnace was ascertained by analysis of the 
air, it would pretty accurately determine the increase 
of carbon which would be required to neutralise its 
injurious properties. For instance, suppose the air 
required to produce a ton of pig-iron did actually 
contain the before stated 618 lbs. of water, whose 
elements were 440 lbs. of oxygen and 78 lbs. of 
hydrogen, then the 440 lbs. of oxygen would require 
146§ lbs. of pure carbon to become entirely carbonic 
acid f but 220 lbs., if half this oxygen were converted 
into carbonous acid, (compound of 3 oxygen and 2 
carbon,) and the other half into carbonic acid: also it 
would require about 117 lbs. of pure carbon (reckon- 
ing carburetted hydrogen to be a compound of 3 car- 
bon and 2 hydrogen) to become [light carburetted] 
hydrogen gas. The amount of these two portions 

97 In the preceding notes I have given a calculation of the same kind apon 
more accurate quantities. Those in the text are altogether erroneous ; as, for 
instance, carburetted hydrogen is a compound of 2 hydrogen and 6 carbon: 
but, for reasons already given, I have not allowed myself to alter them. 
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of carbon will be 337 lbs. Therefore, if one barrow 
of cokes contains 420 lbs. of pure carbon, dght-tenths 
of that quantity would be suflScient to neutralise the 
elements of the 618 lbs. of water; at all events, one 
barrow-increase on the quantity required to produce 
a ton of pig-iron would amply compensate for the 
introduction of such a quantity of water. If this 
increase of fuel is not applied, it will be required to 
reduce the charge of mine one-tenth upon each bar- 
row of cokes. For instance, if the charge of mine 
weighed 600 lbs. and it required 10 such charges to 
make a ton of iron; then reduce the charge to 450 
lbs. and nearly the same results will be obtained with 
11 charges or barrows of cokes. 

I have now enumerated all the materials employed 
in blast-furnaces ; and from the various elements, the 
main object is to procure the iron united with a small 
portion of carbon. But this cannot be done, unless 
the earthy matters necessarily employed in the fur- 
nace are brought into liquid fusion; and the more 
this fusion of the earthy residuum approaches to clear 
and perfect glass, the better will be the iron, in con- 
sequence of the separation of all the earthy elements 
or semi-metallic alloys that would otherwise remain 
in, or become united with, the pig. 

It is therefore essentially requisite that some data 
should be obtained, from which to calculate the pro- 
portions of earthy matters that will, after the separa- 
tion of the oxide of iron, produce such a glass; and 
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the only probable means of doing so will be, first of 
all, to find out what are the component parts of a 
good, clear, glassy cinder, not only of one specimen, 
but of samples obtained from different works, made 
at different times, and produced from apparently 
different materials.^ This would soon demonstrate 
whether such cinder were uniform in the proportion 
and number of its elements, and whether (as I am 
inclined to believe) such elements bear a relative 
proportion to one another. If such is found to be 
the case, there can be no doubt nor difficulty in 
synthetically producing such cinder at pleasure; and 
the fluctuations in the working and produce of the 
blast-furnaces will then immediately cease. 

If the good cinder is a compound of the earths in 
any definite proportions, there will only be a diffi- 
culty to produce it when the mixtures employed in 
the furnaces are left to chance or bad management. 
Suppose, for instance, the good cinder to be : 

Silex, .... 48 



Lime, 


32 


Alumina, 


16 


Magnesia, . 


2 


Oxide of Iron, 


2 



100 



The proportions of silex, lime and alumina, (leav- 
ing out the magnesia and oxide of iron,) are then 
as 3 of silex, 2 of lime, and 1 of alumina, and 



38 See Part I. p. 197. 
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consequently they bear a relative proportion to one 
another, the lime being twice the quantity of the 
alumina^ and the silex equal in amount to the 
other two.^ However, let the proportions of the 
elements of the good cinder be what they may, it 
is absolutely necessary that they should be known, 
otherwise all attempts at synthetically producing it 
must necessarily prove abortive. The analytical 
table of the elements of this good, clear, glassy cin- 
der, will therefore demand the unceasing attention 
of the furnace-manager in proceeding to apportion 
his general mixtures of ores, fuel and fluxes for the 
blast-furnaces. 

It*® would be very desirable that an Iron-master 
should know the component parts of his other fur- 
nace cinders, as the tawny and the black scouring 
cinder. An average table of their elements should 
be made out to accompany the other elementary ta- 
bles, not as guides to the reproduction, but as bea- 
cons to mixtures that should be avoided ; and in this 
respect they may be of more utility than can imme- 
diately be imagined, for avoiding bad mixtures will 
be approaching to improvements. 

39 The proportions on the opposite page so nearly approach the true results, 
that they must have been taken from actual analysis. Generally, furnace- 
cinder may be supposed to consist of 1 atom of silica and 1 of lime united to 
a half atom of alumina and a quarter atom of magnesia. The oxides of iron, 
manganese and titanium, like sulphur and phosphoric acid, may be taken as 
accidental. This subject is more fully treated in the Appendix. 

^ In the MS. this paragraph is placed at the beginning of the next Letter. 



LETTEE XIII. 

TRIFLINa INACCURACIES KOT WORTH NOTICB eBVERAL 

ELEMENTARY TABLE — GENERAL FURNACB MIXTURB. 

The next business I shall proceed with, will be 
making the general mixtures of ores, fuel and fluxes, 
for the blast-furnaces. The intricacies in forming 
them are, at first sight, considerable and perplexing; 
but a proper attention to the elements of the different 
averaged mixtures of mines and iron-cinders, and a 
careful selection of limes and of the diluting fluxes, 
(making due allowance for the ashes of the cokes,) 
will, with the elementary table of the good, clear, 
glassy furnace-cinder before mentioned, soon enable 
the proprietor to apportion his mixtures sufliciently 
near for practical purposes, with comparatively little 
trouble. For in blast-furnaces it will not be abso- 
lutely requisite to have precisely relative and definite 
proportions of the different elements to produce a 
good, clear, glassy cinder; because the high tem- 
perature therein generated, will make up for any 
little inaccuracy and resulting refractoriness on that 
account. Yet it is very desirable to obtain such a 
compound of the earthy matters of the various ma- 
terials employed, as may become fluid and glassy at 
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a temperature but little higher than is required for 
the fusion of pig-iron. 

Before we attempt the formation of a general 
furnace mixture^ it will be desirable to make out a 
general table of the elements of the different averaged 
substances employed and also of the three kinds of 
furnace cinder^ as before alluded to^ thus : 

X. Creneral averaged Tabk of d^erewt MaieriaU.^^ 



FER 100 PARTS OF 



Mines ; see Table IV. p. 35, 

Iron-cinders ; ib. V. p. 37, 

limestones f aluminous) ib. VII. p. 40, 

do. (siliceous) ib. VIII. p. 41, 
Lime-kiln Dust; ib. VI. p. 38, 

Mine-kiln Dust; ib. 

Shale ; ib. 

Fire-clay; ib. 

Common-clay; ib. 

Coal-ashes ; ib. IX. p. 45, 

Cokes; besides Carbon 93 A} ^^ 
and Water 2.2 5 ^ ' 
Furnace-cinder ; glassy, p. 62, 

do. towny, 

do. black, • 



i§ 



u 



o 
3 



73.4 
63. 

0. 

0. 

4. 
18. 
VS. 

.4. 

«. 
16. 

0.7 

2. 

4. 

10. 



17.3 
28. 
9. 
18. 
24. 
36. 
34. 
64. 
66. 
30. 

1.3 

46. 
36. 
36. 



4.7 

4.6 
13. 

4. 

8. 
20. 
28. 
40. 
31. 
26. 

1.1 

16. 
16. 
12. 



M 

a 

.a 



3.3 

4.61 
76. 
74. 
60. 
16. 
21. 

1. 

3. 
20. 

0.9 

32. 
41. 
30. 



£ 

1.3 
0. 
3. 
4. 
4. 
10. 
2. 
1. 
2. 
10. 

0.4 

2. 

4. 

12. 



Now, with this general elementary table before us, 
sappose we attempt to (ona. a mixture Sor the blast- 

41 1 have pennitted myself to altn this teUe a little in «b^>e, fiom what it 
ia in the original maniucript ; bjr omittii^; tuo column*, one of whicfa headed 
wiier, was entirely blank, and the other headed car6M contained a lingi* 
item referable to the coke*, which, and more, I have included in the letter- 
press of the table. Farther, as regards (he cokes, the proportions which ais 
in the or^;inal expressed upon the " barrow or 480 lb*, of ookes, Bsasoring 18 
cubic ieet and containing 4S0 lbs. of carbon," etc: I have converted into pro- 
portions per etnt. in order to be symmetrical with the other items of the table. 

9 
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farnace. It is^ however^ necessary that I should 
state that in these calculations I have considered 
oxide of iron as composed of 7 parts of iron and 
3 of oxygen.** These proportions are, perhaps, not 
quite accurate ; but they will suit very well to shew 
the nature of the system I wish to propose, and I 
must leave it to the Iron-masters themselves to form 
elementary tables according to the various materials 
and proportions of the elements contained in them: 
To proceed — 

XL TahU for Mixtures. 





IRON. 


OXTSBX. 


■lUOA. 


AuamniA 


1JMM» 


IU«U 


100 pts Mines averaged, 

100 *' Iron-cinders, 

100 « Mine-kiln dust, 

40 " Alumin's limes, 

20 ** Siliceous limes. 


61.38 

44.1 

12.6 

0. 

0. 


22.02 
18.9 

6.4 

0. 

0. 


17.3 
28. 
36. 
3.6 
.3.6 


4.7 
4.6 
20. 
6.2 

8. 


3.3 
4.6 

16. 

30. 

143 


1.3 
0. 
10. 
1.2 
OS 




108.08 


46.32 


88.6 


36.2 


66.6 


13.3 



Now, if we consider the parts [in the above table] 
to be tons, we shall have about 108 tons of iron from 
this mixture; and if it requires 10 barrows of coke 

ts These proportions are those of the sesqai-oxide. Bat in the Engtish end 
Scottish Iron-works as well as those of Maryland, by far the largest amoiuit 
of the ore ased is from a carbonate of iron ; whose base is the proUmde of 
iron. The constitution of the protoxide, according to the same view iiere 
talcen, would be 7 parts of iron and 2 of oxygen, or decimally, 77.78 iron and 
22.22 oxygen per 100. When the brown hematites are employed, the pre- 
vious roasting drives off a portion of the oxygen : And it is only when the 
rtd hematites an used raw (as is done in minute proportions of a charge, in 
Staffordshire, for instance,) that the proportions of the text would hold good. 
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to produce 1 ton of iron, the above quantity of ma- 
terials will require 1,080 barrows, and this quantity 
will produce nearly 10 tons of ashes, which must 
therefore be added to the other materials, thus : 



XII. Tabu adjusted. 










noH. 


OZTOM. 


BIUOA. 


ALOmifA 


UMX. 


MAOHBaiA 


Quantities from Tab. XI, 
10 parts Ashes from the 
fuel, 


106.06 
1.05 


46^ 
.46 


88.5 
3. 


35.2 
2.5 


68.6 
2. 


13.3 
1. 




109.13 


46.77 


91.5 


37.7 


70.6 


14.3 



In this mixture we have about 46| tons of oxygen ; 
and to convert this quantity into carbonic acid will 
require a little more than 15j|^ tons of carbon [or 
174 tons according to the real constitution of car- 
bonic acid:] but the 1,080 barrows of coke contain 
202i tons of pure carbon, being an excess of 187 
tons beyond the quantity required to reduce the ox- 
ide of iron. This subject I shall however discuss 
hereafter. 



LETTER XIV. 



FURNACB MIXTURES AI>JU8TBD — ANOTHBR FURNACB HDL- 

TURB — MIXTURE CORRECTED. 



Now^ if we examine this mixture^ we shall find 
the earths remaining^ after the separation of the ox- 
ide of iron, in the following proportions^ viz ; 



Silica, 


91.5 t>artB. 


Lime, 


70.6 « 


Alumina, 


37.7 " 


Magnesia, 


14.3 " 



We see, they bear no relative proportions what- 
ever to each other. Therefore to bring them to do 
so in the manner before stated, (as far as regards the 
silex, lime and alumina, the earths which usually 
predominate in iron-furnaces,) we must calculate 
either from the silex or from the alumina; thus, if 
from the silex, we must say: here are 91.6 of that 
element, and we shall require two4hirds of that 
quantity, or 61 lime, and one-thirdy or 30.5 alu- 
mina, to form a relative proportion of 3 silex^ 2 
lime and 1 alumina. But in the above mixture we 
have 70.6 lime and 37.7 alumina: consequently there 
will be an excess of 9.6 lime and 7.2 alumina; and 
to adjust these and bring them into their relative 
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proportions^ there must be an addition made of 4.8 
lime and 21.6 silex: or else it will be necessary to 
reduce such portions of the original mixture as will 
make it less^ by 7.2 alumina and 9.6 lime. But if 
we calculate from the quantity of alumina in the ge- 
neral mixture, then we must say : 37.7 alumina will 
require twice the amount, or 75.4 lime, and three 
times the amount, or 113.1 silex; but since we have 
only 70.6 lime and 91.5 silex, we shall be deficient 
4.8 lime and 21.6 silex, to produce the aforesaid 
relative proportions: which deficiency corresponds 
in amount to the addition found necessary in the 
calculation from taking the quantity of silex first. 
These proportions of 91.5 parts of silex, 70.6 of 
lime and 87.7 of alumina may be considered as dif- 
fering too far from the desired relative proportions to 
make a trial of such a mixture in the furnace. We 
will therefore make a second attempt, keeping the 
mines and iron-cinders in the same proportions, and 
only varying the limes and diluting fluxes : thus, 

XIII. Trial Table for Mixtures. 





IBOK. 


OXTOBH. 


SILICA. 


ALUXUfA 


LIM£. 


MAOITMIA 


100 pts Mines averaged, 

100 " Iron-cinders, . 

50 " Mine-kiln dust, 

50 " Siliceous limes, 

10 " Ashes of fuel, 


51.38 
44.1 

6.3 

0. 

1.05 


22.02 

18.9 
2.7 
0. 
0.45 


17.3 

28. 

18. 

9. 

3. 


4.7 
4.6 
10. 
2. 
2.5 


3.3 
4.6 

8. 

37. 

2. 


1.3 

0. 

5. 

2. 

1. 




102.83 


44.07 76.3 


23.7 


64.8 


9.3 



In this mixture the earths, after the separation of 
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the iron and oxygen^ and excluding the magnesia, 
will be in these proportion : 



Silex, 


75.3 parts. 


Limei 


54.8 " 


Aluminai 


23.7 " 



But still they do not bear a relative proportion to 
each other in the manner before stated: therefore^ 
let us proceed to find out what elements may be 
deficient^ or what in excess. To do so^ suppose we 
commence our calculations from the quantity of silex: 
and then we have 75.3 parts of that element^ and we 
require to form the said proportions 25.1 parts of 
alumina and 50.2 of lime. In this mixture there 
are only 23.7 alumina; consequently we shall be 
deficient 1.4 parts of that element; but we have 
already 54.8 lime^ and therefore here will be an ex- 
cess of 4.6 lime. Now, if we calculate the pro- 
portions from the quantity of alumina in the gross 
mixture, we must proceed thus: 23.7 alumina will 
require 47.4 lime and 71.1 ^ilex, in which case we 
shall have an excess of 4.2 silex and 7.4 lime. 
This mixture may therefore be considered sufficient- 
ly near the requisite proportions for trial in the fur- 
nace ; and if the results should not prove satisfac- 
tory, the mixture may be adjusted by the addition of 
3.7 alumina and 6.9 silex, if we estimate upon the 
preceding calculations from the quantity of lime on 
the gross mixture ; or we may take from the original 
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mixture its excess of 4.6 lime^ and increase the 
deficient quantity of alumina by 1.4 parts of that 
element. In either of these cases we shall obtain 
the aforesaid relative proportions of 3 silex, 2 lime 
and 1 alumina; and if the good cinder be a com- 
pound of the same elements in these proportions^ 
there can be no doubt but that such a mixture as 
above^ will^ at any time^ under the same circum- 
stances^ synthetically produce it. 



LETTER XV. 

mXTUKB FOB OICE BABEOW OF COKE — TBSB MIXTITBS 
ADJUSTED — MAGKESIA HOT CALOULAISD-— BIKART AND 
TEBNABT COMFOUKDi. 



Blast-furnaces are usually charged with cokes, 
mine and fluxes, in the following proportions, viz: 
1 barrow containing 18 cubic feet of cokes, 450 lbs. 
of mine, and 150 lbs. of limestone. Now, although 
the quantities of mine and limestone vary, the bar- 
row of cokes is always adhered to. Suppose, there- 
fore, we attempt a general mixture of the mines and 
fluxes requisite for 1 barrow of cokes; or, as it is 
usually denominated, one charge. 



XIV. Mixture 


for one Char^ 








XKOK. 


ozraBH. 


UUdCA, 


▲LDHIlfA 


LIMB. 


MA»anu 


800 lbs. Mines averaged, 
270 " Iron-cinders, 
100 " Alumin's limes, 
20 " Ashes of fuel, 


102.76 
119.07 

0. 

2.1 


44.04 
51.03 

0. 

0.9 


34.6 
76.6 

9. 

6. 


9.4 
12.15 
13. 

5. 


6.6 
12.16 
75. 

4. 


2.6 
0. 
3. 
2. 




223.93 95.97 


125.2 39.55 


97.75 


7.6 



In this mixture we shall have 



Silica, 


125.20 parts 


Lime, 


97.75 " 


Alumina, 


39.55 " 
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Yet still we have not got our established relative 
proportions; and therefore we must again proceed 
to calculate. If the alumina be the datum we com* 
mence upon^ we have 39.55 parts of that element^ 
and we shall require 79.1 lime and 118.65 silex to 
form the due relative proportions; but we have got 
97.76 lime and 125.2 silex already, evidently then 
there will be in this mixture an excess of 18.65 lime 
and 6.55 silex. But, as the lime in this excess is 
nearly treble the amount of the excess of silex, I am 
inclined to think that such a mixture would produce 
the required good cinder. If, however, it should 
not do so upon trial, it may by the addition of 9.3 
alumina and 21.4 silex be brought into the before 
given relative proportions. 

In these calculations, I have rejected the magnesia, 
not because I consider that substance of no conse- 
quence as regards its proportion to the other ele- 
ments, particularly as regards the fusibility of the 
whole; but in general (except when magnesian 
limestones are used) magnesia is in much smaller 
proportions than the other three earths, and while its 
quantity keeps below half the amount of alumina, I 
consider little or no injury would arise from its ad- 
mixture. Perhaps it may in small quantities be even 
beneficial ; for compounds are, in general, the more 
fusible in proportion as their elements are more nu- 
merous,*' provided these elements are in gradative 

43 See Part I. p. 196, 202. 

10 
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proportions in the order of their fusibility. Tables 
of the fusibility of mixtures would be of incalculable 
advantage to the Iron-master; for his business is to 
make glass, before he can procure the iron from his 
ore. Therefore, suppose we lay down a table, or 
rather a skeleton of a table, of different compounds; 
and let the operator enter the result, when per- 
formed, stating the time it may require for complete 
fusion of such compounds, or the complexion of the 
mass after (say 20 minutes) application of any par- 
ticular temperature. 

Table of Compounds of lAme and Silex. 

QUANTITIES. RESXTLTS. 

1 Silex 4- 1 Lime: [Very difficult of fusion, scoria translacent 

2 Silex -|- 1 Lime: Fusible ; scoria white, porcellanous. 

3 Silex 4- 1 Lime: Fusible; with highest heat, a porous glass. 
1 Silex -|- 2 Lime : Partially fusible ; part remainiug pulverulent 

1 Silex -f- 3 Lime : Infusible. 

2 Silex -|- 3 Lime: Partially fusible. 

3 Silex 4- ^ Lime: Fusible ; scoria scratches glass. 

4 Silex -|- 3 Lime: Difficult to fuse. This characterizes all.] 

Tables [similar to this one** should be made] of 
compounds of lime and alumina^ lime and magnesia^ 
and again of silex and alumina^ silex and magnesia^ 

44 Id point of fact, this is the only one that can be given in practical de- 
tail ; and I have therefore, from Descostil and Berthier, filled up its side of 
results. The presence of silica is essential to the fusibility of the bioaiy 
combinations of the earths named ; but the compounds of silica and abtmiiut 
do no more than soften and agglutinate, and the most favorable proportioDS of 
silica and magnesia are only partially fusible. As for the combinations of 
alumina, lime and magnesia, two by two,— all such are injusible. 
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and also of alumina and magnesia : these would em- 
l)race the binary combinations. 

Then should follow tables of ternary mixtures : 
thus : 

Table of Compounds of SiUx^ lAme and Alumina.^ 

qUANTITIZS. RESULTS. 

1 Silex 4- 1 Lime -|- 1 Alumina: Fusible into a white glass. 

2 Silex -[• 1 Lime 4- 1 Alumina: 

3 Silex -j- 1 Lime 4- ^ Alumina: Fusible; the most so in pottery. 
3 Silex -j- ^ Lime -j- 1 Alumina: Fusible, into a porcelain; 

with a little oxide of iron or of manganese, into a dark glass ; 
the scoria of blast-furnaces. 

[Similar tables of silex, lime and magnesia, — silex, 
alumina and magnesia, — and lime, alumina and mag- 
nesia, will contain the particulars of the ternary com- 
pounds.] 

45 In the manuscript, this table is set down in numerical terms to a great 
extent : but as it professes to be only for illustration, I have not thought it 
necessary to insert the whole. I have added in three cases the practical re- 
sults of experiments, where they happened to fit in with the proportions 
giveu. Other particulars on this subject will be found in the Appendix. 



LETTER XVI. 

OTHER COMPOUNDS RECOMMENDED — KNOWLEDGE OF ELE- 

MENTS RBaUISITE TO PRODUCE GOOD CINDER ACTTfB 

FLUX REaUIRED — HIGH HEAT OF FURNACES CHIEFLT 
REaUISITE FOR FUSING THE EARTHS. 

After the tables of ternary compounds, it will be 
desirable to insert combinations of silex, lime, alu- 
mina and magnesia. This table would be capable ol 
great extension, and may not be absolutely essential ; 
yet a knowledge of a few of such mixtures would 
be highly desirable. 

Other mixtures may also be made, by introducing 
portions of barytes, strontian, soda and potash; and 
their respective results should be tabulated. Such 
information might lead to useful and valuable disco- 
veries in the separation of the earths in iron-smelting; 
for a total separation can never be effected unless the 
whole be in a state of liquid and perfect fusion. 

To return^ however, to the subject : these furnace 
mixtures may be varied almost ad infinitum; and it 
will only be required to ascertain the elements of 
combination that will produce the desired good cin- 
der, to be able always to produce the same at any 
time, for nothing is more certain in nature than the 
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invariable action of material bodies upon each other 
under the same proportions — ^a difference in the re- 
sult only demonstrating a difference in the original 
mixture of the elements. To obtain a knowledge of 
such a mixture^ as will be a perfect glass at the tem- 
perature which may be required to fuse iron, should 
be the principal aim of the Iron-master ; his atten- 
tion therefore should be unceasingly directed to 
procure this requisite information: for, except the 
earthy matters of the ores, fuel and fluxes, are 
brought into a thin glassy fusion, he never will be 
able to separate the iron ; and as the temperature at 
which this earthy residuum enters into fusion, will 
always depend upon the proportions of its constitu- 
ents, a deficiency or excess in either of the elements 
may greatly retard the fusion of the whole. 

If these earthy matters could be brought into fu- 
sion at a lower temperature than they now are, it 
would not require so large a quantity of fuel, air, or 
time to produce a ton of iron ; but to effect this, will 
require the addition of some active flux along with 
the silex, lime, alumina, and oxide of iron. 

If haryteSy or strontiany^^ could be procured suffi- 
ciently cheap and abundant, there can be no doubt 
that the addition of them would have a most benefi- 
cial effect in blast-furnaces; but there appears, at 

46 The silicates of these substances do not, by themselves, fuse at moderate 
temperatures : but, in multiple compounds, doubtless assist reduction. The 
supposed difficulty in smelting ores i;vherein the sulphate of baryta occurs, 
has of late been obviated. See Lampadius : Neuem Fortsckriiie, p. 167. 
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present, no hope of obtaining either of these earths 
in the quantities that would be required for iron- 
smelting. We must, therefore, search for other bo- 
dies that will make the earthy residuum in blast-fur- 
naces, to run into liquid glass at temperatures lower 
than are now employed ; provided such temperatures 
are sufficiently great for the fusion of pig-iron. 

Cast-iron will melt and revive at a much lower 
heat than that generated in blast-furnaces: witness 
assay-cruciblesy through which though bad conduc- 
tors of caloric, the heat must penetrate to separate 
the iron by its fusion and subsidence, and to disen- 
gage it from its chemical union with oxygen and 
earthy parts of the ore. Yet the heat of assay-cru- 
cibles, I should think, never approaches half the tem- 
perature of the blast-furnace ; *^ and the separation of 
the earthy matters of an ore in small crucibles (ex- 
cept under particular management) could never be 
accomplished, were it not for the assistance of active 
fluxes. 

The intense heat of blast-furnaces is, then, only 
requisite for bringing the residuary earthy matters 
into liquid fusion, and not for the mere regeneration 
and smelting of iron. Fluxes, therefore, will save 
heat ; and as heat requires air and fuel to produce it, 
consequently fluxes will save both air and fuel — two 
very expensive materials employed in iron making. 

47 In quantity of heat, the weight is undoubtedly on the side of the bigfa 
furnaces ; but in intensity t not necessarily, nor even generally so. 



LETTER XVII. 

ELEMENTS OF CHAECOAL- ASHES — AIR AND FUEL IN FUR- 
NACES CALCULATED. 

The quantity of charcoal required to make a ton 
of iron, the product of ashes such quantities will 
yield, and the analysis of these ashes, would form a 
table of very great value to the coke-iron-master: 
for, by its means, such an addition o( potash might be 
made to coke-ashes as to make them nearly as fusible 
as charcoal-ashes ; which then would produce simi- 
lar effects in coke-furnaces, (although, perhaps, not 
to so great an extent) and the iron produced there- 
from would then approach the nature and quality of 
charcoal-iron, from the more perfect separation of 
the earthy residuum, etc. as before mentioned. 

The quantity of atmospheric air required in blast- 
furnaces is governed by the quantity of fuel to be 
consumed or, more properly, decomposed: and the 
following calculations may probably throw some light 
upon the subject; for although not conclusive, yet 
they may be considered as laying down some data 
for future calculations. 

In the usual run of coke-furnaces it requires (with 
few exceptions) 691,200 [500,000] cubic feet of 
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blast to produce one ton of pig-iron ; ^ and this quan- 
tity of air is principally decomposed, by its oxygen 
forming carbonic acid with the carbon of the cokes 
and its caloric producing the requisite temperature 
in the furnace. Therefore, supposing all the oxygen 
converted into carbonic acid, and the acid a com- 
pound of 3 of oxygen and 1 of carbon; [more ex- 
actly, 2§ parts oxygen with 1 part carbon = 1 part 
oxygen with 0.376 parts carbon] we shall have 
from the above quantity of air (which, according to 
the table of atmospheric air before given, contains 
12,558i [9,948] lbs. oxygen,) about 16,744^ [13,678] 
lbs. of carbonic acid, composed of 4,186 [3,730] lbs. 
of carbon and 12,558^ [9,948] lbs. of oxygen. Now 
if it requires 10 barrows of cokes, containing 420 
lbs. each, or a total of 4,200 lbs. of pure carbon to 
produce a ton of pig-iron, we should then after the 
decomposition of the blast, requiring 4,186 [3,730] 
lbs. of carbon, only have 14 lbs. of carbon [470 lbs.] 
left to unite with the oxygen of the ore; to say 
nothing of the other demands for carbon, as before 
stated. We may therefore rest assured, that the 
whole of the atmospheric air is not decomposed in 
passing through blast-furnaces. 

The quantity of carbon being stationary, suppose 
we make calculations from this datum, and see how 
the amount of it is disposed of, allowing the air to 

48 I have enclosed, for the whole of this calculation, corrected quantities in 
brackets. See also anU, p. 48 and notes. 
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unite with the excess of carbon after the aforesaid 
abstractions are made from it, thus: 4,200 lbs. of 
pure carbon are required to the ton of iron, and to 
produce this quantity of iron will require about 
3,200 [2,880] lbs. of oxide [the protoxide] of iron, 
composed of 960 [640] lbs. of oxygen and 2,240 
lbs. of iron;** the oxygen of the oxide of iron will 
then, in becoming carbonic acid, take up 320 [240] 
lbs. of carbon: and the iron may probably unite ^ with 
60 [75] lbs. more. The water in the blast, I before 
stated at 618 lbs.; but suppose we estimate it at only 
200 lbs. [including the moisture of the cokes] : this 
being a compound of 170 [178] lbs. of oxygen and 
30 [22] lbs. of hydrogen, there will be required 56^ 
[66|] lbs. of carbon to form carbonic acid with its 
oxygen, and 45 [66] lbs. of carbon to neutralise its 
amount of hydrogen. And if, as I before expressed 
my belief in the case, the good glassy furnace-cinder 
dissolves a portion of carbon,^^ we must apportion a 
quantity for that purpose, and say 20^ lbs. for the 
amount of carbon, which is dissolved in the glassy 
furnace-cinder produced in making a ton of iron. 

40 See note on page 66. 

90 The mean proportioii of carbon in crude iron may be stated at 8| per 
cent. See Part I. p. 218. 
61 See note 18 on page 23. 
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LETTER XVIII. 

AIR AND FUEL CONTINUED — COMBINATIONS OF CARBON IN 
FURNACES — AIR UNDECOMFOSED — DENSITY REaUIRED. 



Now, therefore, if we calculate up these different 
abstractions of carbon/* the residue must be the only 
quantity left to decompose the blast and keep up the 
necessary temperature : 



Ite. 



Carbon required to saturate the oxygen of the oxide of iron, 320 
Do. united with the iron in pig-iron, ... 60 



Do. do. oxygen of the watery vapor, 

Do. do. hydrogen of do. 

Do. dissolved or suspended in cinder, 

Total, . 



56} 

45 

20i 

502 



Here, therefore, we have 502 [640] lbs. of carbon 
to deduct from the quantity originally required to 

53 Assemblage may be made of more precise quantities, as under : 

The oxygen of the ore may take up 

Do. in the vapor of the blast. 

Do. do. with the cokes, 

The hydrogen do. of the blast, 

Do. do. with the cokes. 

And the crude iron contains per ton, as a mean : 

Making for the total, .... 

The quantity of carbon, that may be taken up by the nitrogen of the air 
and by the hydrogen and sulphur of the fuel, cannot be now stated. 



240 lbs. 


of carbon. 
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640 lbs. 


of carbon. 



83 

produce the ton of iron, i. e. 4,200 lbs.; so that there 
will be 3,698 [3,560] lbs. of pure carbon left to 
unite with the oxygen of the blast. 

Now to convert this quantity of carbon into car- 
bonic acid, will be required 11,094 [9,493] lbs. of 
oxygen. In the table of air it is calculated, that 
12,558^ [9,948] lbs. of oxygen are introduced into 
the furnace to produce the ton of iron; but, since 
there is only carbon sufficient to saturate 11,094 
[9,493] lbs. of oxygen, it must necessarily follow 
that the difference between these quantities (which 
is 1,464|^ [455] lbs.) will be the oxygen passing 
undecomposed through the furnace, for this evident 
reason, that it will find nothing therein with which 
to unite. These 1,464^ lbs. of oxygen will indicate 
80,603 cubic feet of air; therefore, for every ton of 
iron that is made, there will pass through the fur- 
nace 80,603 cubic feet, or 6,045 lbs. of air undecom- 
posed, — ^being nearly one-eighth of the whole air em- 
ployed to obtain such a result. [Upon the corrected 
calculations, the surplus of oxygen (455 lbs.) corres- 
ponds in round numbers to 22,800 cubic feet or 
somewhat less than 2,000 lbs. of air; being only one 
twenty-second part of the whole blast.] This circum- 
stance will, therefore, strongly corroborate the hypo- 
thesis before hinted at,*' viz : that the cokes are entan- 

53 This ifl no doubt a proper inference ; and serves to show a waste both of 
fuel and air. But its importance is much diminished, by the results of the 
more precise quantities which I have interpolated ; and by which the useless 
excess of air is seen to be about 4| per cent, of the gross quantity employed, 
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gled in a semi-fluid mass of the half-vitrified earthy 
elements of the ores^ fuel and fluxes^ and consequent- 
ly protected from the direct influence of the blast. 

I have^ in the foregoing calculations^ considered 
that portion of the oxygen of the blast which actually 
does undergo decomposition^ and also the oxygen of 
the water, and the oxygen of the oxide of iron, as 
being totally converted into carbonic acid ; whereby 
the quantity of carbon is made to go as far as possi- 
ble : and I have not taken into account the oxygen 
and hydrogen of the casual impurities of the sdr, 
which would have abstrax^ted a still further portion 
of carbon, and leave less for decomposing the blast. 

If any portion of the carbon escapes from the fur- 
nace as carbonic oxide^ this would indicate a stHl less 
quantity of air to have been decomposed : and it is 
not at all improbable that a very considerable pen*- 
tion of this compound of oxygen and carbon is ac- 
tually produced; which with the gaseous combina- 
tions of hydrogen, as they escape at the trundle-head, 
enters into a final combustion by an union with fresh 
atmospheric air, and produces the peculiar flame ex- 
hibited at the top of blast-furnaces, causing all deqh 

while the loss of carbon is only 4 per cent, of the quantity supposed actually 
Decessaiy to make a ton of iron. Proper as the inference is, howeTer, it is 
not in its direction that the great waste meant to be signalized in the text is 
to be accounted for. The modifications of mechanical arrangement conse* 
^uent and even necessary upon the general employment of heated air, have 
as much as any thing else tended to reduce the consumption; which at the 
commencement of this centuiy was thought moderate, but now would be 
deemed extravagant. See Part I. page 179. 
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red colors to appear purple, and rendering all pale- 
reds nearly colorless; a phenomenon always to be 
seen, but which has as yet escaped inquiry." 

The prodigious velocity with which the air is re- 
quired to be driven into coke-furnaces, is another 
indication of the conglomeration of the cokes and 
the pasty, half-fused residuum of the ores. For, if 
it were not to be compressed into these kind of fur- 
naces at a density of 2 lbs. pressure upon the square 
inch, or nearly so, it would never be able to pene- 
trate through the materials; and long experience 
has convinced the Iron-masters (of South Wales in 
particular) that, with the usual-sized furnaces and 
[usual] materials, unless their pillar of blast will sup- 
port a' column of mercury of four inches elevation 
(which is about tantamount to the pressure above 
mentioned) the work performed will be irregular, 
and the furnace would be extremely susceptible of 
derangement. 

54 Since this was written, not only has the supposition of the formation of 
earbonie oxide (and that to an extent, at a mean, quite as great as the produc- 
tion of carbonic acid) been proven ; but the final combustion of this and 
other gases here spoken of as taking place at the tnindle-head, has been, step 
by step, translated to another place, and applied to a most important economi- 
cal use. The brilliant discovery of M. Faber-Dufaure (the principles of 
which, I may be excused for saying, were independently demonstrated in the 
former Part of these Contributions, and whose results, actual and anticipated, 
were, as far as I know, for the first time consigned to the vehicle of the 
English language there, too,) in economizing and burning these gases, marks 
the epoch of the most important revolution which has ever taken place in the 
manufacture and commerce of Iron. I propose in the Appendix to add some 
farther theoretical particulars regarding this subject. 



LETTER XIX. 

CHAECOAL- FURNACES AND COKE - FURNACES COMPARED. 

It may not be amiss to compare charcoal and 
coke furnaces together^ in all their points. Such a 
comparison may promote a useful purpose ; and it is 
surprising to me that so little attention has been paid 
to this subject. 

Coke-furnaces are usually from 40 to 60 feet in 
height^ and from 12 to 16 feet in their largest diam- 
eter. They will contain about 5^000 cubic feet of 
materials; and the contents of one of these furnaces 
are worked off in from 40 to 50 hours. They re- 
quire a blast whose density oscillates between 2 and 
3 lbs. pressure on the square inch ; and they usually 
consume about 691^200 cubic feet of atmospheric 
air (or 51^840 lbs.) and 10 barrows of coke, contain- 
ing 18 cubic feet each, and weighing about 4,500 lbs. 
to produce one ton of pig-iron. 

Charcoal-furnaces are seldom 30 feet in height, 
and frequently not more than 20 feet; their largest 
diameter from 5 to 8 feet ; and their contents scarcely 
amount to 1,000 c. feet, which are generally worked 
out in from 20 to 25 hours. The density of the 
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blast required seldom exceeds a pressure of 1 lb. on 
the square inch; and frequently it is much less. It 
usually takes about 345,600 cubic feet, or 25,920 
[28,305] lbs. of air and 20 bags of charcoal, con- 
taining about 12 cubic feet each, and weighing about 
2,250 Ibs.,*^ to produce the ton of pig-iron. 

Now suppose we put these comparisons into a 
kind of table: it will be placing the subject in a 
better point of view for future reference. 

COK£-rU&NACE. CHARCOAL-FURNACX. 

Height, . . . 40 to 50 ft. 20 to 30 fit. 

Largest diameter, . 12 to 16 ft. 5 to 8 ft. 

Cubic contents,5« . 5,000 cubic ft. 1,000 cubic ft. 

Worked oflf in . . 40 to 50 hours. 20 to 25 hours. 

Density of blast, . 2 to 3 lbs. per sq. in. | to 1 lb. per sq. in. 

Air, per ton of Pig, . 691,200 cubic ft. 345,600 cubic ft. 

Fuel, do. . 4,500 lbs. 2,250 lbs. 

In the above calculations it must not be considered 
that the different weights and measures of the diffe- 
rent materials^ here stated, are those always actually 
employed; as very considerable latitude must be 
allowed for the varying nature of the different es- 
tablishments. All that is now aimed at, is to lay 
down the skeleton of a system; and it will be the 
business of the proprietors of different iron works to 
make the actual calculations, when they have ascer- 

95 See Part I. pp. 171, 179. Some further particulars are in Appendix B. 
M The quantities here are greatly over-rated in both cases ; probably from 
an erroneous mode of making the calculation. 
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tained by analysis the quantities and proportions of 
the elements upon which they are to operate. 

Charcoal-furnaces^ it appears, stand in this relation 
to coke-furnaces, viz : they are generally about one- 
half the elevation — half the diameter— one-fifth the 
capacity — ^work off their contents in about half the 
time — ^require blast of one-half the density and only 
half the quantity of that blast, and half the quantity 
of fuel to produce one ton of iron. 

Now, according to this account, charcoal-furnaces 
produce results fetr more advantageous than are ever 
obtained in coke-furnaces : for, it appears, that a ton 
of iron is produced with one-half less fuel, and one- 
half less air at one-half less density, than is usually 
required in coke-furnaces. Such amazing advan- 
tages are well worth inquiring into ; and as there can 
be no effect without a predisposing cause, let us en- 
deavor to trace out the cause of this singular and 
very desirable effect. 



LETTER XX. 

CAUSE OF SUCH ADVANTAGES — DIFFICULTT IN FBOCURINQ 
THE MEANS — A SUBSTITUTE PROPOSED — EXPBNCE. 

Charcoal-ashes^ as I before observed, contain 
potash along with other bodies ; and this potash dis- 
poses the other bodies to enter readily into fusion, 
forming a perfect glass. This glass, when formed, 
exerts a very considerable solvent power over the 
earthy matters of the ore, assisted by the limestone 
therewith ; and the whole soon becomes a thin, liquid, 
and perfect glass. The iron, easily and speedily 
separating in a metallic state, is protected by the 
liquid cinder from being oxidated, because iron 
from its superior specific gravity will always be un- 
dermost; and the carbon of the charcoal is pre- 
sented to the blast in a clean and pure state, fit for 
immediately decomposing the air. No part of the 
furnace, then, is impeded by half-fused, pasty masses 
of the earthy elements of the ores, etc. (unless bad 
work is being performed; and thick, imperfect fu- 
sion only takes place, which sometimes occurs also in 
charcoal-furnaces, when the earthy residuum is in 
such proportions as will not, at the temperature 
generated, form a perfect glass) and when this clean 
12 
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and vivid combustion takes place, the rapid reduc- 
tion of the iron and Uquid fusion of the earthy mat- 
ters consequently folio v«r. 

It therefore appears extremely probable, that the 
superior work performed in charcoal-furnaces is in a 
very considerable degree owing to the potash con- 
tained in charcoal; and if, as I before hinted, an 
addition of potash was made to coke-ashes (or to 
the cokes themselves) so that it should be in the 
same proportion to the other earths as may be found 
to exist in charcoal-ashes, there are good reasons for 
supposing that similar effects would be produced in 
coke-furnaces, viz: a ton of iron would be made 
with less fuel, less air and of less density, in less 
time, and of much better quality. 

The quantity of potash that may be required for 
this purpose would, however, too much enhance the 
price of pig-iron, for it ever to become of any thing 
like general use, even were it to be procured in suflB- 
cient quantity; the introduction, therefore, of this 
valuable flux into large iron-works is as hopeless as 
the obtaining of barytes or strontian. 

There is, however, another material of equal value 
(if not superior power) as a flux; to be procured in 
abundance sufficient to supply any demand, and at a 
price that will not exclude it from introduction in 
iron-smelting. This is muriate of soda^ or com- 
mon salt ; an inexhaustible store of which, is within 
the reach of every Iron-master in the kingdom : and 
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there is no doubt but that the Legislature of the 
country would allow the conversion of sea-water 
into a flux for iron and copper smelting, without 
interference, under proper restriction. This would 
be, in a national point of view, of vital importance; 
because more and better iron could be procured 
with the usual materials, and the iron trade of Great 
Britain would never have to contend against quality 
with any nation upon earth. 

A flux made from sea-water may be obtained for 
about two shillings per Cwt.; and if two Cwt. of the 
flux were to be employed to the ton of bar-iron, the 
advantages resulting would be ten-fold the additional 
expense. This quantity of flux would introduce into 
coke-furnaces more soda*^ to the ton of iron than 

ft7 The quantity of soda here proposed to be used is unnecessarily large; 
for the silicates of soda are even more fusible than those of potassa. In the 
ashes of charcoal we may allow one-half in weight to be potassa; or keeping 
the potassa and soda together (usually not separated in the analysis) we may 
rate the alkali at floe-eighUu of the ashes. Now these ashes, at a mean, do 
not exceed 2| per cent, of the weight of charcoal yielding them. At this 
proportion, the potassa would be 1^ per cent, of the fuel; and taking the 
charcoal for one ton of crude-iron, as stated before, to be 2,250 lbs. the quan- 
tity of potassa contributing to the production will be not more than 84 lbs. 
On the other hand the 200 lbs. of sea-salt, proposed to be applied, will con* 
tain at a mean 97 per cent, or 194 lbs. of chloride of sodium ; corresponding to 

(23 3 X 104 \ 
\r^ — = j 77 lbs. of pure sodium, equivalent to 108.4 lbs. of its protox- 
ide or 8oda. If the 2 cwts. of the text are rated at 224 lbs. the difference 
would be still greater, and the quantity of soda would exceed 6 per cent, of 
the crude-iron produced. Reckoning this quantity, however, as applicable to 
all the processes up to the finished bar, it is not theoretically much in excess ; 
although in any one of the practical applications which have been made of com- 
mon salt (especially in fineries) I know no case where the proportions have 
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there is of potash in the charcoal that is required to 
make a ton of charcoal-iron, and therefore, it is not 
unreasonable to expect that results somewhat similar 
to [those of] charcoal-furnaces may be obtained in 
furnaces wherein coke is the fuel employed. The 
cokes would be kept in clean and vivid combustion 
by having their earthy matters fused into a perfect 
glass, and their pure carbon presented immediately to 
decompose the blast; the temperature of the furnace 
would be kept uniform and active ; the iron would be 
rapidly reduced to the metallic state and united widi 
its dose of carbon : and the whole of the earthy ele- 
ments of the different materials employed would be 
speedily converted into a perfect and fluid glass. 

Furnaces under such circumstances would invaria- 
bly produce good results, and be very little liable to 
interruptions or derangements. Such advantages 
are, therefore, within reach of the Coke-iron-masters 
of Great Britain; and it will be their own fault if 
they do not embrace them. 

exceeded the fifth part of what is proposed in tbe text. In regard to the utilitf 
of these applications and tbe value of the suggestion itself, although since tbe 
publication of the former Part of these Contributions I have heard of seTeral 
fortunate instances, I may refer te (without repeating) what I said then. See 
Part I. p. 148. See also Lampadius: Neuem ForUchriitt, p. 188. I will only 
add, that the well-known volatility of common salt is likely to superinduce, 
in its employment as a flux, a loss of metal (volatilized with it) to be dis- 
counted from the saving of fuel in the fusion taking place at a lower tempera- 
ture. Whether the metal lost is worth more or less than tbe fuel gained, is t 
question to be determined for each individual case. See Berthier : Vote Steke, 
i. 498. 



LETTER XXI. 

PRODUCTS FROM THE BLAST - FURNACE — PIG-IRON. 

We will now return to the blast-furnace, and con- 
clude the operations therein gone through and the 
resulting products: i. e. pig-iron, fumace-cindery 
and the various gaseous compounds which escape at 
the trundle-head. 

These different products, like what were originally 
employed, are compounds of a number of elements; 
and it would be very desirable to get at the know- 
ledge of their different constituent parts. Actually 
to do so with all three distinct products is, perhaps^ 
too difficult to be ever accurately performed:* but 
two out of them may be atomized without much 
trouble, and the third may be attempted analogically. 

The first to be considered is the pig-iron.. This 
compound substance, although it contains so great a 
preponderance of one element, (the iron,) yet the 
inferior portions exert so powerful an influence over 
the natural welding and ductile properties of the 

96 In the first Part of these ContributioDS, I have presented some analyses 
of all these products ; though, especially with regard to the gases, not so ex- 
tensive as could be desired. See Part I. pp. 197, 218, 259. Also, for additional 
analyses of crude-iron, see Lampadius u. s. p. 169-174. L. & E. Phil. Mag. 
xiu. 429, 517, 576. 
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iron; that it retains few of the indicative peculiarities 
of wrought-iron, except specific weight and mag- 
netic polarity. The different bodies which neutralise 
the properties of the iron are, at present, [1819] 
only guessed at; for mere inspection is the only 
method taken to ascertain, even in the most exten- 
sive Iron-works, the qualities of pig-iron. So inac- 
curate a mode of getting at facts will however, it is 
hoped, be soon abandoned ; since the light of Science 
illuminates a more certain, safe, and fairer road. 

The elements of cast-iron, [crude iron] from the 
nature and variety of the different materials em- 
ployed to produce it, as well as the more or less 
perfect performance of the blast-furnace operations, 
must be as various and irregular as any thing pos- 
sible to be conceived ; and therefore nothing but an 
accurate analysis of it will give the desired informa- 
tion as regards its component parts. But here again 
I must beg leave to remark, how utterly impossible 
it would be to insert a single analysis that should 
even nearly approach the amount of elements to be 
found in pig-iron of different qualities, at the same 
works, to say nothing of the varying nature of pig- 
iron at different establishments; and therefore the 
following calculations, as well as the preceding ana- 
lytical tables, must be considered only as the outlines 
of others to be filled up by the proprietors of the 
different works themselves, with the results of actual 
analysis of their own materials. But to proceed : — 
Cast-iron [crude-iron] is usually made up (as it 
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is supposed) of the following elements, viz: iron, 
carbon, some of the earthy impurities of the ores, 
fuel and fluxes, and also some sulphur. This last 
substance is the imagined deteriorater of all the 
operations of iron-making; from the raw material to 
the finished bar. If any thing is the matter in the 
blast-furnaces and the fuel is suspected, it is sulphur 
in the coals ; other veins of coal are tried and still 
the results are the same, then it is the mines that 
are sulphurous ; change the mines, and still sulphur 
does the mischief: sulphur has blame in the finery, 
sulphur takes the fault in the puddling, and sulphur 
gives all the bad qualities to the finished bar. This 
kind of argument is, however, conclusive on one 
point ; it bespeaks the very superficial information pos- 
sessed as to the real degrading bodies combined with 
iron in any stage of its progress, from the ore to the 
horse-shoe. Sulphur, of course, like carbon, will 
mix with iron; but also like carbon, will separate 
readily from iron : and the same operations that sepa- 
rate carbon will, in general, separate the sulphur also. 
The concluding pig-iron to be only a compound of 
iron, carbon, sulphur, and some of the earthy impu- 
rities of the materials employed to produce it, I shall 
endeavour to rectify, and to point out the existence of 
other bodies from analogy ; because, I think, this is a 
much fairer method of reasoning than stating imagi- 
nary facts, when so many real difficulties are in the 
road to get at them. 



LETTER XXII. 

PIG-IRON CONTINUED — EARTHT ADMIXTURES — BUIiPHU- 

RETS — CARBURETS. 

In the first place it is now generally considered 
that metals will not chemically unite with an oxide^ 
nor of course with earths of any kindj and there- 
fore if a [simple] metal should contain an oxide, 
or an earth, it is merely suspended or mechanically 
dispersed through it like fine particles of earth sus- 
pended in muddy water. This h3rpothesis is not 
merely conjectural, for many instances of the fact 
may be obtained. 

The oxidation of metals immediately alters their 
specific gravity; and consequently, while any metal 
is in a fluid state, its oxide will rise to the surface 
of the mass. 

If this fluid metal, with its film of oxide upon 
its surface, were agitated or poured from one vessel 
into another, it is reasonable to suppose that part of 
the oxide may mix mechanically with the metal, like 
earth would with water; but rest would allow the 
lighter impurities to rise to the surface of the metal 
and the heavier or earthy impurities to fall to the 
bottom. But since the liquid cast-iron, in a blast* 
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furnace^ has little or no time for subsidence^ it natu- 
rally follows that part of the oxide may mechanically 
entangle and disperse through the mass of metal. 
Also^ when cast-iron is tapped from the blast-fur- 
nace and while running from thence into the pig 
bed, part of the iron will oxidate by decomposing 
the water of the moistened sand; and this oxide 
rolling along with the metal will become more or less 
blended therein, and the fluid metal soon solidifying 
prevents the mechanical separation, by rest, of the 
suspended oxides, which then apparently become 
part of the iron. This will in some degree account 
for the earthy impurities to be met with in cast-iron ; 
but it is a mere mechanical mixture, and one of easy 
and perfect separation, and totally differing from a 
true chemical union. 

This mechanical mixture of oxide could not (in 
the proportion found in cast-iron) render it brittle 
nor in any way injure the welding quality of the 
iron ; for many puddled-bars contain visible grains of 
sand and oxide, in as great (if not greater) propor- 
tions than pig-iron, and yet they possess welding and 
ductile properties. To convince any one of this, let 
him polish a piece of puddled-bar and a piece of 
cast-iron; and he may then satisfy himself of the 
greater mechanical mixture of sand and oxide in 
bar-iron. The brittleness of cast-iron therefore, it is 
fair to conclude, does not arise from the mere ad- 
13 
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mixture of sand, earth or oxide ; and we must look 
elsewhere for the cause. 

Sulphury as I before observed, is generally con- 
sidered an injurious mixture for iron ; and the fragUe 
nature of cast-iron is often attributable to this sub- 
stance. Now when iron is united to sulphur, it 
forms what is termed a sulphuret of iron ; and if the 
iron is in excess, it forms what is called a sub-sul- 
phuret. This sub-sulphuret of iron is of less specific 
gravity than cast-iron ; and therefore it will in part 
separate like the earths and oxide, and part may 
remain mechanically suspended in the metal, and 
a part may also, very probably, become chemically 
alloyed with the iron. The same operation, how- 
ever, that will separate the carbon (as mentioned 
above) will get rid of the sulphur; and I conceive it 
no more injurious, to render iron brittle or non- 
weldable, than an equal quantity of carbon. It there- 
fore appears probable, that sulphur cannot be the 
substance which causes cast-iron to become brittle 
and to differ so widely from bar-iron. Now, accord- 
ing to the supposed original elements of pig-iron, we 
have no other substance left but carbon ; and there- 
fore let us examine the combinations of iron and 
carbon, and see how far they may destroy the weld- 
ing and ductile properties of iron. 

Cast-steel is considered a compound of iron and 
carbon ; and this substance can scarcely be welded : 
but stiU it has considerable ductility, and it ap- 
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preaches more and more to the nature of wrought- 
iron, in proportion as the quantity of carbon de- 
creases. Carbon, therefore, causes iron to become 
in some degree brittle ; but yet it does not destroy 
its ductility, except when in very great excess. It 
would, therefore, be desirable to ascertain the quan- 
tity of carbon in steel, and also the quantity in cast- 
iron:*^ and it would likewise be well to know in 
what state the carbon is with the iron in the combi- 
nations — ^if it be a mere mixture of carbon and iron, 
or rather a carburet of iron dispersed through the 
mass of pure iron and carbon. 

00 The mean proportion of carbon in cntde-iron has been already stated 
(p. 81, noU) at 3| per cent.; in blistered steel, the proportion is about 1] per 
cent, and in out steel not more than 1 ^ per cent. 



LETTER XXIII. 

TWO CARBURETS OP IRON — DIAMOND, METALLIC CARBON — 

OTHER ALLOTS. 

Now, it appears that white cast-iron is an alloy of 
iron and carbon, in which the latter substance forms 
but a small portion of the whole : this, I shall term 
the sub-carburet of iron ; and the carbon in the com- 
pound I consider as chemically alloyed, atom to 
atom, with the iron. This one well defined com- 
pound of iron and carbon, is of a homogeneous sil- 
very white color. The substance called [graphite] 
plumbago or black lead, is an alloy of iron and car- 
bon, in which the latter element considerably pre- 
dominates; this I shall consider the super-carburet 
of iron.*" What is termed best foundry-iron, or 

GO These were the doctrines held, with more or less distinctness, by every 
one until the discoveries of M. Karsten : and as they are sufficiently plausi- 
ble in the scarcity of analyses (of which the text has so uniformly complained) 
it is not surprising that our author should have adopted them. At present, 
whiie crude-iron, the lowest carburet of the text, is recognized as united with 
more carbon than any other kind of manufactured iron; while graphite, 
although no specimen has been observed entirely free from iron (the propor- 
tion of the Borrowdale mines is at a mean 2^ per cent.) yet holds that iron in 
the state of oxide — as a mere mechanical admixture, and is therefore properly 
regarded as, chemically, carbon only. For farther particulars see Part I. 
pp. 208, 212, 220—225. Mitscherlich ; EUmens de ChinUe, i. pp. 83, 84. 
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dark-grey pig, is a compound of these two carburets, 
in which the white color of the sub-carburet is over- 
come by the darker and more brilliant color of the 
super-carburet or plumbago. 

There is every reason to think, that these carburets 
of iron are merely blended together in foundry or 
grey pig ; and not, that such pig is an homogeneous 
compound of indefinite [varying] portions of iron 
and carbon. There is an intermediate species of 
cast-iron, which very visibly indicates such compound 
to be a mere mixture of the two carburets, and which 
is termed mottled pig : here, the whole ground of the 
sub-carburet is distinctly seen, sprinkled with beauti- 
ful crystals of the super-carburet; which, in my mind, 
removes any doubt about the defined nature of the 
two carburets of iron. 

The sub-carburet of iron is of less specific gravity 
than iron itself; and the super-carburet is again 
much lighter than the sub-carburet: so much so, that 
rest would allow nearly the whole of the super-car- 
buret to rise to the surface, were the iron to remain 
long in a fluid state. Carbon appears, therefore, to 
have nearly the same effect upon iron as sulphur or 
oxygen ; i. e. it unites with it and forms a compound 
of less specific weight than iron : but the carbon in 
the carburets is chemically united with the iron, and 
therefore in a state of combination quite different 
from the mere mechanical mixture of the earths or 
oxide, as before stated. 
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Now^ I mentioned above^ that metals will not 
chemically unite with an earth or oxide; therefore, 
it is fair to conclude^ that the carbon in union with 
the iron in the carburet, is not in the state of earth 
or oxide, but in the actual metallic state, or in the 
state of absolutely pure carbon : and, as the diamond 
is considered carbon in its greatest purity, it is no- 
thing more than probable that carbon united with 
iron is in the state of diamondy and that diamond 
may be considered carbon in the metallic state. 
This alloy of iron and diamond possesses the pecu- 
liarity of most other alloys, viz : that of being brittle 
and fusible ; although its constituents are not so, at 
least as far as concerns the diamond. This pecu- 
liarity always occurs when two metallic bodies are 
chemically combined, and is therefore an additional 
reason for concluding the carbon in carburet of iron 
to be in a perfect metallic state. 

It would not only be desirable, but it is actually 
necessary, to determine the quantity of carbon that 
neutralises the welding property of iron and pro- 
duces what is termed cast-steel ; and also the quan- 
tity which forms common steel, which is both ductile 
and weldable, like pure iron ; and also the quantities 
which constitute the two carburets before men- 
tioned. This would show the inaccuracy of con- 
cluding the brittleness of cast-iron to arise from the 
carbon ; for the sub-carburet most probably does not 
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contain as much carbon as steel/* and yet steel re- 
tains all the welding and ductile properties of iron, 
and its tenacity is even very considerably increased, 
witness the strength of steel wire. And again, 
when pig-iron has been refined and even passed 
through the puddling-furnace and most probably all 
the carbon is separated, yet still it will remain brittle 
and what is termed cold-short; and this, therefore, 
cannot arise from the carbon. Moreover the sulphur 
and earths mechanically blended with the pig-iron 
or finer^s-metal, are no doubt nearly separated at 
the same time the carbon is got rid of; therefore, 
there must be some other cause than what has been 
mentioned hitherto, to make cast-iron so brittle, 
and unfit for purposes to which wrought iron is ap- 
plicable. To trace this effect to its source will re- 
quire a continuance of analogical reasoning; and I 
hope satisfactorily to demonstrate the existence of 
other alloys of iron, which are produced, in the usual 
manner of working coke-furnaces, in very considera- 
ble quantities, and which unequivocally communicate 
the brittleness or cold-short property to iron. 

61 See note 59, on page 99. 



LETTER XXIV. 



DEFINITE ALLOTS — SILICIUM — ALUMINIUM — CALCIUM — 
SILICIUM, THE PRINCIPAL ALLOT. 



I HAVE in the foregoing remarks considered the 
term alloys^ in a general sense, to imply the union of 
different metallic bodies in indefinite proportions; 
except alloys of iron and carbon in the two carburets 
before stated, which I am inclined to think are dejir 
nite proportions of iron and carbon, and not the mere 
union of the two metals only. For instance, iron, 
copper and zinc I consider as a triple alloy, the three 
metals forming a homogeneous whole; and again, 
iron, copper and lead, — ^iron, zinc and manganese, — 
iron, manganese and copper, — all form true alloys 
because the metallic bodies are united atom with 
atom** and no particles of either will be distinct from 
the whole, nor separable by any mechanical power. 

OS As an illustration of what I have elsewhere called " a veiy judicious 
comprehcDsion of the aim and application of the science of chemistry" on the 
part of our author, I may here quote the cautious sentences of the Jate Dr. 
Turner on the very subject here treated of. "Metals appear to unite with 
one another in every proportion, precisely in the same manner as sulphuric 
acid and water. It is certain, however, that metals have a tendency to com- 
bine in definite proportions. It is indeed possible that the variety of propor- 
tion in alloys is rather apparent than real, arising from the mixture of a few 
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Such is the nature of alloys that are operated upon 
at Iron-works; and from which the iron is required 
to be obtained as far as possible. It is therefore of 
the first consequence to ascertain the metallic bodies 
which may thus be alloyed with iron^ giving it (in 
the state of cast [crude] iron) the brittleness and 
fusibility peculiar to almost all alloys. Copper, lead, 
zinc, manganese, and other metaUic bodies may 
sometimes be found alloyed with iron; but instances 
are so rare that I will conclude they do not occur to 
any extent that is injurious. We must therefore 
look round for some other metallic bodies, which 
probably do unite with the iron in the pig and give 
it the characteristic brittleness of alloys. 

Now, if we recapitulate the elements of the mate- 
rials which are employed in blast-furnaces, we shall 
find no other metal suspected than iron, the other 
elements being silex, carbon, alumina and lime ; put- 
ing magnesia out of the question. Here then is the 
field for further inquiry* 

definite compounds with each other, or with uncombined metal ; an opinion, 
not only suggested by the mode in which alloys are prepared, but in some 
measure supported by observation. Thus, on adding successire small quanti- 
ties of silver to mercury, a great variety of fluid amalgams are apparently 
produced ; but, in reality, the chief, if not the sole, compound is a solid 
amalgam which is merely diffused through the fluid mass, and may be sepa- 
rated by pressing [the mechanical power of the text above] the liquid mer- 
cury through a piece of thin leather.*' Turner: Elemenit of Chemistry; 
p. 898. Sixth Am. Edit. The reader may also find interest in the observa- 
tions of M. Rudberg upon the thermometric determination of the epochs of 
definite alloys ; to which Dr. Turner has likewise referred : jinn, de Chim. et 
Phyt. xlviii. 868. 

14 
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The carbon, I have concluded to be united with 
the iron in the state of diamond, forming a true chem- 
ical alloy of iron and diamond ; but then carbon does 
not (in small proportions) cause the welding and 
ductile properties of iron to become latent. 

The metallization of the earths, — silex, lime and 
alumina, must therefore be the source from whence 
iron becomes alloyed ; and this is the more probable, 
since an analysis of pig-iron will generally exceed in 
the amount of products the weight of iron employed, 
and there always will be a residuum of the earths 
before mentioned, particularly of silex ; and this in- 
crease of weight it is not unreasonable to suppose 
arises from the absorption of oxygen by these metal- 
lized earths upon their dissolution in an acid. Sili- 
cium, aluminium and calcium may therefore confi- 
dently be expected to be alloyed with iron and car- 
bon in pig-iron. 

The eminent discover of these semi-metals has left 
no doubt of their reality, and I shall not hesitate in 
considering the earths, silex, alumina and lime to 
be of as certain reduction into their respective metals 
as oxide of iron, oxide of copper, or any other me- 
tallic oxide, and therefore I shall treat them accord- 
ingly. Corresponding with this hypothesis, pig-iron 
will be an alloy of iron, carbon, silicium, aluminium, 
and calcium; in which as the quantity of aluminium 
and calcium are in general very minute, I will dis- 
continue naming them, and consider that silicium 



107 

alone is the injurious alloy of iron. The same rea- 
soning will hold good and the same operations will 
separate the two former semi-metals from iron as 
well the silicium ; but it will be simplifying the pro- 
cess to consider the alloying substance to be silicium 
only : therefore in this case pig-iron will be an alloy 
of iron^ carbon and silicium^ in which alloy are sus- 
pended some oxide and earths^ but which oxide or 
earths have no chemical union whatever with the 
alloy, and from which they are easily separable, or at 
least their quantity will be in the refining and finish- 
ing processes so far reduced as to be very little detri- 
mental to bar-iron. 

It appears to be the silicium therefore which 
causes the brittleness of cold-short iron/^ and it will 
have this property, more or less, according to the 
quantity of silicium with which it may be alloyed. 
The separation of this semi-metal is then the only 
difficulty to be overcome to produce iron of the best 
quality from coke-furnaces, and with any species of 
ore: for, as I remarked at the commencement of 
these letters, iron being a simple element must be 
identically the same, let it be procured from what- 
ever combinations it may or by any means that are 
possible to employ, and it must be the substance 
alloyed with it which gives it qualities so different 
from its own. 

63 See Part I. p. 220, note. 



LE TTER XXV. 

POTASSIUM AND IRON — SODIUM AND IRON — ELEMENTS OF 
THE FLUX — ITS APPLICATION IN THE REFINERY. 

Charcoal-iron may reasonably be supposed to 
contain potassium, carbon and iron; and the ready 
oxidation of potassium and its affinity for silex (or 
oxide of silicium") may in some measure account for 
the superior quality of wrought-iron obtained from 
charcoal pig. If soda were employed in coke-fur- 
naces, it is equally as probable that the pig from 
thence would contain sodium, carbon and iron, and 
that sodium (having, when oxidated, so powerful an 
attraction for silex) would displace all the silicium 
and leave the iron equally as pure as if it had been 
originally made from charcoal. 

To return however to the pig from coke-furnaces: 
We now conclude it to be an alloy of iron, carbon 
and silicium ; and that this last element requires to be 
nearly separated before the iron will recover its origi- 
nal welding and ductile properties. To get rid of 

64 Chemists are now generally agreed in classing the base of silica among 
the non-metallie elements. In this view, the name given to it by Thomson 
of silicon would be more symmetrical than silicium, 1 have however not found 
it proper to alter the name used in the manuscript; which is besides still of 
most usual acceptation on the continent of Europe. 
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part of the carbon and silicium, although at the ex- 
pense of a large quantity of iron, the usual method 
is to fuse the metal in a refinery. This fusion of the 
pig oxidates a large portion of the alloy (most prob- 
ably in the proportions that constitute it) ; this assists 
to get rid of the carbon by the oxygen of the oxide 
of iron uniting with the carbon of the carburet ; and 
a part of the silicium is no doubt oxidated and sepa- 
rated by the fusion of the alloy in the refinery. 

As the quantity of carbon decreases, the mass 
thickens and would soon break into grains ; but it is 
now tapped off into an iron-mould and forms finer^s 
metal.^ This metal has now parted with a great 
portion of its carbon (probably not retaining so much 
as steel of the lowest gradation, which has all the 
properties of the best iron) ; and yet this metal is 
brittle, hard and unweldable, and for the reason"® that 
nearly the whole is an alloy of iron and silicium, al- 

65 The fonte mazee of the French metallurgists. 

M I subjoin for both illustration and correction, the results of M. Berthier's 
analysis of the same metal before and after refining, in parts per cent. 

Carbon, 
Silicium, . 
Sulphur, 
Phosphorus, 

The two specifications of the finery -iron are of portions from the upper 
and lower parts of the plate respectively. It appears from this that the piin- 
ctpal effect of refining is to remove the silicium; for, taking the mean of the 
constituents of the finery-iron, the carbon is reduced but to 45 per cent, of 
what it amounted to in the crude-iron, while the silicium is brought down to 
less than 8 per cent of its former amount. 
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though perhaps in different proportions from pig- 
iron. To separate this semi-metal will therefore re- 
quire some other process besides mere fusion ; and it 
will be necessary to make use of a compound affinity 
by employing a substance that has a more powerful 
attraction for silex than silicium has for iron ; other- 
wise it is not at all probable that it will by any me- 
chanical process, or single affinity, be ever totally 
separated. 

I will now proceed to state the advantages that 
may be derived from making use of a flux made from 
sea-water. 

Having procured this flux, (which likely may be 
a compound of soda, lime, silex, alumina and oxide 
of iron, in perhaps the following proportions, viz: 
lime 20, silex 14, alumina 12, oxide of iron 8, soda 
46; these forming 100 parts of the flux*^^) we will 
next consider the most advantageous manner of mak- 
ing use of the same, and will conclude that the same 
processes will be followed as are usually employed; 
for to make the most trivial alterations in the manipu- 
lations is attended with so many difficulties and so 
much dissatisfaction that I have hitherto endeavored 
to keep as clear as possible from recommending any 
change in workmanship. 

67 This may be considered as a comporiU flux, in which yarious elements 
have been superadded to the sea-salt to present the proportions given iu the 
text. Otherwise these proportions do not at all represent the constitution of 
sea (or of any other) salt; except in the single particular of the soda, which is 
sufficiently accurate. 
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We will therefore commence with the flux in the 
finery; and to every 25 Cwt. of pig-iron melted in 
this fire^ I would recommend 1^ Cwt. of the flux to 
be fused along with it. 

This would cause the whole of the suspended 
earths or oxide in the pig to enter into fusion and 
consequently to separate : but the greatest advantage 
in using this flux will arise from the powerful affinity 
which exists between soda and silex and the ready 
oxidation of the silicium to unite with it in prefer- . 
ence to iron. 



LE TTEE XXVI. 

fiELL- METAL AND SULPHURET OF ANTIMONY DECOMPOSED — 
PIG -IRON BROUGHT TO NATURE AND FINISHED IN THE 
REFINERY — PUDDLING AN USELESS PROCESS. 

The quiescent affinity of silicium and iron, parti- 
cularly when the iron is in great excess, is very con- 
siderable; and therefore to overcome this affinity it 
is necessary to apply some other substance whose 
power of attraction for silex is greater than the at- 
traction of silicium for iron : for if this separation is 
attempted by single affinity only, the decomposition 
will never be complete, as such decompositions al- 
ways leave a minimum [a minute portion] of the 
substance intended to be separated and very fre- 
quently some of the decomposing body itself, added 
to the resulting compounds ; particularly in the sepa- 
ration of one metal from another (gold, silver and 
platina from the more oxidable metals excepted) 
or of carbon, sulphur, or phosphorus from a metal. 

For instance, oxygen will decompose beVrmetaly 
which is an aUoy of copper and tin : the tin uniting 
with the oxygen becomes protoxide of tin, and the 
copper remaining in the metallic state, from its less 
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attraction for oxygen. But this oxidation of the tin 
can only be partial, and consequently will never 
separate the whole of it from the copper, for this 
evident reason : as the quantity of tin in the remain- 
ing compound becomes less, (from its partial oxida- 
tion) it will be then much more protected from oxi- 
dation by the remaining copper. The protoxide of 
tin, first formed, will readily absorb a farther dose of 
oxygen and become per-oxide; and this per-oxide, 
when in contact with the fluid metallic copper, will 
give up its excess of oxygen to the copper, which 
then becomes protoxide of copper, and the per-oxide 
of tin in consequence becomes a protoxide. A far- 
ther portion of tin may then oxidate from the alloy ; 
but the copper itself will be placed in contact with 
more per-oxide of tin and suffer oxidation, so that 
the last atoms of tin will never be separated until 
nearly the whole of the alloy has suffered oxidation. 
For, in any stage of the process, the remaining me- 
tallic parts will be an alloy of copper and tin, and 
the oxidated portion will be a mixture of per-oxide 
and protoxide of tin and protoxide of copper ; and 
therefore it is extremely probable that a single affin- 
ity will never separate metals from each other — ^gold, 
silver and platina (as before) excepted. 

And as regards the separation of carbon, sulphur 

or phosphorus from a metal by single affinity, it will 

be as incomplete as the separation of a metal from 

metallic alloys as just stated. The separation of sul- 

15 
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phur from antimony may be given as an instance of 
this. When crude antimony (which is a compound 
of antimony and sulphur) is fused and metallic iron 
added to it, the sulphur partly quits the antimony to 
unite with the iron, and the results are a mixture of 
iron and sulphur, antimony and iron (hence called 
martial regulus) and iron, sulphur and antimony. 

There might be adduced other instances of the 
incomplete separation of united bodies by means of 
single elective aflSnity ; in all of which, there will be 
a minimum of both substances in the respective pro- 
ducts. Carbon and sulphur are, however, much 
more easily separated from metals, than metals are 
from each other, for the reason before stated. The 
same rule will hold good in the separation of the 
alloys from pig-iron; and I shall endeavor to shew, 
that while only a single aflSnity is employed to sepa- 
rate the alloys, the separation will always be incom- 
plete and the result not so perfect as science is capa- 
ble of producing. 

The iron in passing through the refinery in contact 
with this [new] flux (as before stated) will be, if the 
operation is well performed, totally separated from the 
suspended earths and oxide ; and also the best part 
of the silicium will be converted into silex and got 
rid of: and the result will be iron alloyed with car- 
bon only and very much approaching the state of 
steel. This metal may be blown into nature in the 
refinery, and finished into wrought-iron without far- 
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ther process; and such iron would be both much 
better in quality and more in quantity than if it were 
made to undergo the operation of puddling. But this 
being so unusual a proceeding, it may be considered 
too short and too crude a process to procure bar-iron, 
even to be noticed for years to come; because, for 
one thing, it would disconcert the paraphernalia of 
the puddling and rolling mill, and for another, it ap- 
pears too simple and straight-forward a process : so 
that I expect such a proposition to be in a manner 
twenty years before its time. 



LETTER XXVII. 

PUDDLING FARTHER CONSIDERED — SILICIUM SEPARATED BT 

DOUBLE AFFINITY. 

However as puddling is so favorite a process, I 
will conclude that the metal will undergo that opera- 
tion and be tortured into wrought-iron (often being 
on the very brink of that state in the refinery) with 
an extra loss of 2 Cwt or 2 J Cwt, per ton.*® 

The rationale of the puddling process, is as fol- 
lows: most metals are susceptible of being broken 
into grains at the instant before they enter into fusion, 
and this is the case with finer's metal in the puddling- 
furnace ; for, as the iron is starting into fusion, the 
fire is checked by means of dampers and as the metal 
acquires liquidity it is exposed to a considerable sur- 

68 The respective wastes in the varioas operations, through which the 
crude-iron is carried, may be taken on an average to be as follows : 

Crude-iron: 2240 lbs. give Finery-metal : 2000 lbs. 
Finery-metal: 2000 ** 
Puddled-bars: 1750 " 
Or reversing it 

Finished-bar: 2240 take 
Puddled-bar: 2600 " 
Finery-metal: 3000 ** 
In the employment of the methods of M. Faber for using the gtises devel- 
oped during combustion, instead of solid fuel, the difference between the 
fineiy-metai and puddled-bars may be expected to be diminished. 



Puddled-bars: 


1750 


Finished-bar: 


1500 


Puddled-bars: 


2600 


Finery-metal : 


8000 


Crude-iron : 


8850 
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face of air and part of it oxidates^ which thickens the 
remainder^ and the temperature at the same time 
decreasing causes the whole^ with the assistance of 
the workmen^ to break into a kind of sand. This 
part of the process is termed drying the iron. 

The metal^ in this granulated state^ is of course 
greatly exposed to the action of the flames and of the 
air that may escape through the fire-place undecom- 
posed, and also to the residuary nitrogen of the at- 
mospheric air, and water in a- state of vapor (the pro- 
duct of the flame of the raw fuel employed) together 
with carburetted, sulphuretted and phosphoretted 
hydrogen gases^ and also carbonic^ sulphurous^ and 
phosphoric acid gases; — a pretty medley of impure 
substances to be brought into actual contact with iron 
in so divided a state as it is in a puddling-furnace. 
These various gases^ including some fresh atmos- 
pheric air that may be casually introduced at the 
opening through which the tools of the workmen 
are applied^ and also some water occasionally thrown 
in upon the granulated mass^ are by the action of the 
flame reverberated upon the iron; fresh surfaces of 
which are continually exposed by the puddler. In 
this manner, part of the iron and its alloys become 
oxidated ; the carbon is volatilized ; and the remain- 
ing iron with its alloys is at last wrapped up into 
balls and withdrawn from the furnace, to be passed 
between the rolls or hammered into bars. 

Such are the principles of puddling. Part of the 
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iron is oxidated ; and this oxide of iron decomposes 
the remaining sub-carburet in the metal by double 
aflSnity, the carbon flying away as carbonic acid and 
part of the oxide of iron being again revived. The 
water in a state of vapor is decomposed by the iron 
and silicium; but this decomposition of the steam 
takes place upon the surface of the grains of the 
granulated mass only, and the nucleus of metal re- 
mains precisely in the state it was in when run from 
the refinery, — that is, an alloy of iron, silicium and 
carbon; and it will ever remain the same while the 
separation is continued by single affinity only, for the 
decomposition of water over iron and silicium cannot 
be considered in any other light than single affinity, 
viz : of iron, or silicium, for oxygen. 

This process of puddling will, however, separate 
the carbon and sulphur pretty accurately; but it must 
be evident that the remaining metal is still an alloy, 
from the impossibility of oxidating (which is a pro- 
cess acting upon superficies only) the silicium in the 
internal part of the grains. Indeed, its brittleness, 
color and texture, all indicate the presence of some- 
thing more than iron and carbon : and what else can 
reasonably be expected, except it is silicium.? 

Puddling is therefore a process which may be dis- 
pensed with to advantage, for what is performed by 
that operation may be much better done directly from 
the pig ( without suffering the metal to cool ) in the 
refinery ; for if the silicium is not totally separated in 
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the refinery, it never will be afterwards, and if it is 
got rid of there, a very short continuance of the ope- 
ration would bring the metal into wrought-iron.®* If 
the whole of the carbon is not separated, I conceive 
it will be rather advantageous than otherwise ; for the 
iron will never be red-shorty — a quality which iron 
frequently exposed to a high temperature unpro- 
tected by carbon acquires, and there is every reason 
to conclude the absence of carbon in wrought-iron is 
indicated by the red-short quality. It appears to 
me therefore a delay in bringing the pig into bar- 
iron, to suffer it to cool after fusion in the refinery; 
for all that is required is to separate the semi- 
metals and part of the carbon, and this must be done 
while the mass is in fusion; and it is therefore more 
likely to take place in the refinery than in any after 
process: and provided such separation is accom- 
plished in the refinery, and nothing but iron with a 

69 Of course, this conclusion must be taken in connection with the whole 
of our author's theory upon the subject ; in which view it is quite justified. 
Puddling, which is properly refining white crude-iron in a reverberatory JuT' 
nace, grew up in the £nglish processes, partly from the character of the ores 
which were earthy carbonates, not very rich, — partly from the sort of fuel 
exclusively used, — and partly from the demand at the blast-furnace (arising 
out of the extensive application of cast-lion) for grey crude-iron, i. e. iron 
containing a large proportion of free carbon. On the continent of Europe, 
except in few places where the nature of the ores or the hope of improvement 
have contributed to the introduction of the English method, it is unused. In 
America, on the other hand, where foundries have not received such extension 
as in England, at many establishments whose blast-furnaces furnish at once 
white crude-iron, the metal is refined at once in the puddling, assisted by a 
chafery as it is called; nearly similar to the method of Champagne. 
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little carbon remains^ why suffer the metal to cool 
and consign it over to another process at the addi- 
tional expense of a considerable portion of iron, fuel, 
time and labor ? 

When the metallurgical flux [before recommended] 
is employed in the blast-furnace^ the pig will contain 
a much less quantity of silicium ( with probably some 
sodium); and the re-fusion of, say 25 Cwt., of such 
pigs in the refinery with 1 J Cwt. of fresh flux will 
leave little doubt of the complete separation of the 
semi-metals, the mechanically suspended earths or 
oxide, and the greatest portion of carbon also. The 
remaining metal will then be in the state of steel ;^® 
and a short continuance of the operation in the refi- 
nery while in contact with the oxide of iron, (which 
will, if required, decompose all the remaining sub- 
carburet by double aflSnity,) will produce the desired 
weldable and ductile combinations of iron. 

A small admixture of the sub-carburet dispersed 
through the mass perhaps causes it [still] to be in 
some degree britde; but hammering or rolling will 

70 I subjoin the results of M. Berthier as to the proportions of carbon and sili- 
cium (in parts per cent.) in the principal varieties of steel: Voie Skehe ii. 275. 

CARBOK. SILICIUM. 

English Blistered-steel, per 100 parts, 

Indian Steel or Wootz, 

Cast-steel made in the laboratory to imitate Wootz, . 

English Cast-steel, 

By comparing this table with the details of the note 66 (on p. 110 anU) it 
wilt be seen how little the subsequent processes (although they have altered 
the mechanical texture) may have changed the constituent elements oi finery" 
iron in producing steel, and vice vert&. 



1.87 


0.10 


1.50 


0.60 


1.65 


0.10 


1.SS 


0.05 
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remove such brittleness^ and the result will be every 
thing that can in reason be desired. 

I have said before that it will require a compound 
affinity to perfectly separate the silicium from iron, 
and that the simple oxidation of iron or silicium by 
means of water or atmospheric air is only in conse- 
quence of single affinity. The application of the 
metallurgical flux will overcome this difficulty, be- 
cause it will operate by double affinity. Thus the 
soda united with the oxide of iron, having a power- 
ful affinity for oxide of silicium or silex, predisposes 
this semi-metal to oxidation ; and the oxide of iron 
having less affinity for soda than silex, the oxygen of 
the oxide of iron (iron also having less affinity for 
oxygen than silicium has under these circumstances) 
quits the iron and unites with the silicium, producing 
silex, which then immediately unites with the soda 
and enters into fusion along with the other elements 
of the flux, fuel and pig-iron; and the remaining 
metal will be iron alloyed with a little carbon only. 
This change in the elements is therefore a true dou- 
ble decomposition: for the compound of iron and 
silicium is decomposed by a compound of oxide of 
iron and oxide of sodium — the oxygen of the oxide 
of iron uniting with the silicium and converting it 
into silex, which then immediately enters into more 
firm union with the oxide of sodium and the other 
elements of the flux, etc. as just stated. 
16 



LETTER XXVIII. 

PUDDLING UPON IRON -BOTTOMS EECOMMENDED, IF THE FLUX 
BE USED — FINERY -CINDERS RENDERED FIT FOR FUR- 
NACES — A PROJECT TO EaUALIZE THE WORKING OF FUR- 
NACES. 

As however it is very probable that puddling will 
not be dispensed with for some years to come, I 
would recommend the using of J Cwt. of the flax 
to the ton of iron in this operation, provided this 
process were employed upon an iron-bottom'* instead 

71 Since this was written, the use of iron- bottoms or soles in puddiing- 
fuinaces (although for other reasons than that contemplated by our author) 
is becoming more universal ; partly from their greater ease to the workmen 
and partly from a growing disposition among Iron-masters (highly fayorable 
both to science and commerce) that the constant accessories to their various 
processes should be as neutral as possible, and that no agencies be introduced 
whose effects cannot be distinctly accounted for before-hand. I know of no 
objections to them, except their greater first cost and the necessity (hitherto 
generally existing, but by no means absolute) of taking down the inner walls 
of the furnace for their replacement. The methods of M. Faber, before 
spoken of, tend to remove both of these. It is true, the sand-bottoms (which 
in addition to the frequent renewals they require, the greater labor they im- 
pose, and the inconvenience mentioned on p. 98 anti, in speaking of puddled- 
bars, are admitted to cause a loss by oxidation of 2 to 4 per cent, of metal) 
have been adhered to by some under the supposition that the quality of the 
metal was improved, in consequence of an absorption of some impurities by 
the silica; perhaps in the same view, with which powdered gtass, or siliceoai 
matter yet more pure, was added to the crucibles in making caU-Meel. 
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of one of sand : — for this reason^ if the flux is em- 
ployed upon sand-bottomS; it will cause it to melt 
and unite with the oxide of iron, soda, and the other 
elements of the flux, and this would be returning a 
large portion of the silex of the blast-furnace. But 
upon iron-bottoms, the flux could only operate on 
the silicium and earths or oxides, and the iron would 
be left in quite a pure state. If, therefore, iron-bot- 
toms to the puddling-furnaces are not used, I would 
not recommend the application of the flux in this 
operation, but would prefer using the whole 2 Cwt. 
in the refinery. 

The iron-cinders produced in the refinery by this 
mode of operation will then be admirably adapted 
for blast-furnace use ; for they will contain the whole 
of the flux, and the iron produced from them will 
be as separable from silicium as if it were made 
immediately from the ore, a difficulty at present not 
readily surmounted, and therefore the finery-cinders 
in particular are a useless residuum at Iron-works,''' 
although they contain about 60 per cent, of iron. It 
would be desirable and advantageous to re-fuse the 
puddling and mill cinders in the refinery along with 
the pig-iron and the flux. Such an addition would 
rapidly separate the carbon, and also increase the 
yield of metallic iron, for the reasons before stated. 

72 Except when applied, as usaal on the continent of Europe, to assist in 
the reduction of the metal. The cinders produced in the refining are of two 
kinds ; the soft rich cinder which arises first, and a crude, pyroxenic product 
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The idea of finishing iron direct from the pig may 
probably startle some persons who are in a manner 
wedded to the present processes which they have 
been habituated to from their infancy, and who gene- 
rally cling to them with all the blind prejudice and 
stubborn obstinacy imaginable. It will not do — 'tis 
impossible, — ^and several other such ejaculations will 
be expressed : but I will only put one short monosyl- 
labic question to them — why? If they will answer 
me this question, without equivocation, they will 
themselves then demonstrate the practicability of all 

which is subsequent. The former is the only species applicable to the redac- 
tion. In order to shew the peculiarities in constitution of both kinds, etc. I 
present in the following table the results of various analjrses of M. Berthier. 
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Alumina : 
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Potassa : 




0.2 . 


0.5 . 
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Phosphoric Acid: . 




6.7 . 


1.9 . 


. . 7.2 




... 






99.6 . 


99.8 . 


. 100. 




99.3 



The first column contains the mean of five analyses of crude cinder pro- 
duced in refining with charcoal : the second, the mean of seven analyses of 
rich cinder. The third contains the elements of finery 'Cinder from an estab- 
lishment near Dudley: the large proportion of phosphoric acid shews how the 
greater part of the phosphorus in the crude-iron is got rid of, in refining. The 
last column, containing the elements of puddling-cinder fix>m Dowlais, I have 
annexed to compare the theoretical effects of that process with those of the 
finery, and to shew in particular the agency of sand-bottoms (spoken of in the 
last note) to which the large amount of silica is no doubt owing. 
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I have written.'^' This is a kind of logic that may 
dissatisfy many^ and I entertain no doubt that several 
will condemn many other of the hypotheses herein 
stated. All I can say is^ that if any gentleman (who 
subscribed to these Letters) should feel unsatisfied 
with the theories I have laid down, and may wish for 
farther explanation, I am ready and willing most re- 
spectfully to comply with his request, and will ex- 
plain, either by letter or personally, and I hope 
satisfactorily ; at all events I will endeavour to do it 
scientifically. 

Before I conclude, I will take the liberty of insert- 
ing a project that may be adopted with considerable 
advantage, and at an expense that would with every 
probability be amply compensated in the regular- 
ity with which blast-furnaces may then be worked, 
and which is as follows, viz: The calcined mines, 
iron-cinders, kiln-dust, limestone, clay, and any other 
and all substances employed in blast-furnaces, (except 
the air and cokes) after they have been apportioned 
so that the remaining elements, when the iron and 

73 There is no question of the theoretical correctness of these views ; nor 
would there have been, (had our author chosen to have gone farther,) of the 
affirmation that malleable iron might be made immediately yVom <A« ore; since 
this has been done from remote antiquity with the ttuck'Ofen (Parti, p. 45) 
and is done to this day with the low-furnaces of Sweden, and in the Pyrenees 
after the so-called Catalan method. But the true topic for discussion is, 
whether such processes, especially in regard to the minerals of coal-regions, 
would or would not entail a disproportionate waste both of ore and combus- 
tible ? M. Karsten has already considered the subject with his accustomed 
impartiality. 
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oxygen are separated^ may be in the aforesaid rela- 
tive proportions — I would recommend to be fused^ 
so as to make a perfect homogeneous and chemical 
mixture : and when they are in complete and liquid 
fusion let the whole be tapped or ladled off into 
water; by this means the mass will be granulated 
and prepared for the furnaces, in a state highly fa- 
vorable for future reduction; by this means, also, 
there will be but one material to be applied along 
with the cokes, and this may even be applied by 
measure^ for I should conceive the doing away with 
weighing the mine, cinders, Umestone, etc. at the 
trundle-head of the furnaces a very considerable 
advantage, since such operations are little more than 
nominal. In this case the charges could not easily 
avoid being uniform, and neither of the materials 
(which are now separately weighed with every bar- 
row of coke,) could then be forgotten or what is 
almost as bad, thrown into the furnace at random. 
Such a contrivance as this would have many advan- 
tages, and therefore it is deserving of an actual 
experiment. 



APPENDIX. 



NOTE A, 

(refened lo on pp. 21} 49.) 



The Constitution of the Simosfhere, 

That sulphur and phosphorus may exist in the atmosphere, 
as stated in the text, is in some cases very likely; and generally 
not possible to be disproved. But that they exist, as comtUuenl 
parts, is not recognized in the most accurate chemical re- 
searches. Their proportions when present are too minute to 
be detected. 

Under the application of the hot-blast, by which the vapor 
of water in the atmosphere becomes infinitely attenuated, the 
component parts of the air may be considered, for all metal- 
lurgic calculations, to be as stated in Part I. p. 189, viz: 

in weight in Tolume.* 

Oxygen ... 23. 21. 

Nitrogen, . 77. 79. 

100. 100. 

These proportions appear every where the same. In the 

* The observatiooa have fpveD these proportioDs at 20.81 and 79.19, at the 
temperature of 82^ F. But of course at auy higher temperature, regard will 
be had to the specific heats of the gases respectiyely. Applying these in the 
most direct manner, the following very simple calculation gives 

20.81 + (y?l?l!lLXj?Hi_ 20.81) x'— = 20.94 
^ ^ 9765 ^ 79.19 

as the mean proportionate volume of oxygen in practicable temperatures ; 

which sufficiently justifies the statement in the text. A differentiation of the 

terms, assuming temperatures infinitely high, would give a still higher result. 

17 
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words of Mitscherlicfa, " air has been procured and analysed 
from the most widely distant regions — from the vicinity of the 
pole and the environs of the equator — from the highest moun- 
tains as well as from valleys — from elevations attained by 
aeronauts, and surmounting the peaks of Chimhorazo, as well 
as from the immediate surface of the globe; and every where 
there has been indicated the same quantity of oxygen and the 
same quantity of nitrogen, except when the specimen has been 
plainly under the influence of particular local circumstances, 
as when for instance the air has been gathered from close 
places, from cellars or from receptacles of putrescent organic 
matter." 

This passage has been quoted, as containing concisely a con- 
clusion substantially admitted by all in the general ; but it is 
not to be denied, that, in the contemplation of particulars, there 
have existed serious discrepancies in the results of observation 
even — so serious, as to have presented no means of positive 
decision between theoretical inferences the most opposite. So, 
for instance, the specific gravity of oxygen varies, according to 
different experimenters, from 1.1026 (the sp. gr. of dry air being 
1.) of Dulong and Berzelius to 1.1117 given by Thomson.* 
And as a consequence of tliis want of definite knowledge as to 
the character of the individual elements, grew up a want of 
coincidence in opinion as to the mode of union of said ele- 
ments ; — the continental savans generally considering it to be 
but an intimate mechanical mixture, while in England espe- 
cially there were high authorities convinced that it was nothing 

* In illustration I append a list of the varying densities given for oxygen 
by different observers and nearly in chronological order. 

Lavoisier, 1.1030 

Davy, 1.1270 

Allan and Pepys, 1.0900 

Fourcroy and Vauquelin, 1.0870 

Kirwan, 1.1030 

Biot and Arago, 1.1036 

B. de Saussure, 1.1140 

Dulong and Berzelios, 1.1026 

Thomson, 1.1117 

Th. de Saussure, 1.1056 

Dumas and Boussingault, 1.1057 
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less than a true chemical combination.* Again, while the 
uniformity of proportion of the two main elements and their 
constancy were firmly maintained by some and favorably re- 
garded by most philosophers, there were most respectable 
persons who thought themselves justified (principally by theory 
but also in a measure by direct experiment) in the opinion that 
the constitution of our air varied with the altitude above the 
surface of the earth, and that the summits of the higher moun- 
tains were in an atmosphere less rich in oxygen than that 
which rested on the level of the ocean. 

Not very long since, MM. Dumas and Boussingault have 
made the constitution of the atmosphere, and especially the 
grounds of the differences I have indicated and others, the 
subject of investigation ;t and the mode in which they have 
conducted it, (apart even from their own acknowledged skill 
and the ample means which one might suppose would be at 
their disposal) furnishing so many undesigned co-incidences as 
appear impossible to consist with error, may be considered as 
decisive of the questions involved. The French Academy of 
Sciences has consigned the matter to a committee of its own 
body; with a view to the confirmation that will no doubt be 
afforded in consentaneous observations made at different points 
of the Earth's surface, under different circumstances, and with 
all the precautions which are every day found, in all refined 
observations, to be more and more necessary. 

The results of the researches above mentioned have been 

V. To establish a new specific gravity for each of the 
elements : to wit, for ipecmc gravity. 

Oxygen . . . 1.1057 
Nitrogen . . . 0.9720 

2°. To harmonize the elementary proportions of the atmos- 
phere with the numerical relations of a simple alligation of 
fluids; and thus to furnish, what has not been done before, the 

* See for instance a communication of Dr. Thomson in the Comptet 
Jlendut : xii. 1048 $t. It is to be remarked that the eudiometrical measures 
of this chemist were made upon no larger quantity than one cubic inch of 
air; the -j.^^ of which represented a volume. 

t Compiet JUndiu : xii. 1009 m. 
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means for an arithmetical proof of the absence of diemical 
action. As this was to me of great interest, I may be allowed 
to dwell longer upon it and even to presume upon an extensi<Ni 
of the demonstration. 

All chemical action is, as far as we know, accompanied by 
a developement of heat; and, as a consequence of this beat, 
arises generally a change of volume in the body or bodies 
heated. The change may be either an expansion or contrac- 
tion, according to circumstances of constitution over which 
the accidents of contiguity and chemical affinity have no con* 
trol; and it may even happen in excessive cases that the altera- 
tion of texture (if I may use such a phrase) will render the 
heat actually developed insensible, or more. So it is in the 
case of frigorific mixtures. 

Which ever way the change of volume may occur, there is 
of course at the same time an inversely corresponding change 
of density; so that in the case of two fluids, for instance, 
chemically combined, the density of the resulting compound is 
no longer the proportional aggregate of the densities of its 
elements. 

In cases . of mere mechanical mixture, on the other hand, 
there is neither developement of heat, change of volume, nor 
loss of correspondence between the individual and a^regate 
densities and volumes: so that wherever substances are ob- 
served to unite under all these circumstances, they may be 
taken as mechanically, not chemically, combined. 

I have been particular to say under all these circumstances; 
for there are cases of true chemical combination, presenting 
otherwise the relations of accurate alligation. Such, for in- 
stance, is the binoxide of nitrogen or nitric oxide (an example 
closely allied to the subject in hand) consisting of equal vol- 
umes of oxygen and nitrogen combined without any change of 
volume. Such, too, are the compounds of hydrogen with chlo- 
rine, iodine and bromine ; whose respective volumes and densi- 
ties are correlative. But all of the4se present physical proof 
of chemical combination, during their production. 

The necessary correspondence, then, required to affirm me- 
chanical mixture has been shewn by MM. Dumas and Bous- 
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singault, thus: They found, by a number of experiments, in a 
given weight of air, called 1. 

the weight of the oxygen = 0.2301 
the weight of the nitrogen = 0.7699 

Combining these with the specific gravities before given, the 
sum of both divided by their densities respectively should 
represent (if they are accurate proportionals) the unity of that 
volume of air, whose density was called 1.; or in fact 

0.2301 0.7699 _ 

1.1057 "^ 0.9720 "" 
This equation, a very short arithmetical operation shews to 
hold good. The resulting elementary volumes, viz : 

0.2301 

■Tiai? ^^ 0.2081 oxygen in volume 

0.7699 

fvqpHgo = 0.7919 nitrogen in volume 

agree sufficiently exactly with the conclusions from indepen- 
dent experiments to warrant the belief that there can be no 
error of any importance now involved in the subject. 
These considerations may be extended so as to show 
First: that, admitting the new specific gravities to be accu- 
rate, the proportions of oxygen and nitrogen can only be re- 
presented (unless there is a change of volume) by numbers 
identical, or nearly so, with those which have been found by 
experiment 

Let, for instance, the respective volumes of air, nitrogen and 
oxygen be represented by F, «, and t/; and the respective den- 
sities be taken as 1,1 — a , and 1 -|- ^ • 
Then, as there is no change of volume, 

and for convenience calling the volume of air resulting from 
the mixture, unity : 

so as that » = 1 — t?'; and conversely, tr' = 1 — v: then, as 
what is true of the whole must be true of its parts, the sum of 
the constituent volumes, each multiplied by its own density 
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must equal the product of the resultin g volume by its density: 
i.e. V=l — a.v -|- l-j-b.v' 

Eliminating successively t;' and t;, we find 

and vf = 



a + 6 a -f- 6 

for the expression of the respective volumes in terms of the 
densities. 

Now substituting for a and 6, their values 0.028 and 0.1057 
respectively, we have 

. \ . 0.1057 

for the volume of mtrogen: v = ^TT^q^ = 0.79058, 

0.0280 
volume of oxygen: «' = TTT^ = 0.20942, 

volumes almost identical with those of M. Dumas. 

Nor will this hold less good if applied to the elementary 
proportions in weight. 

Retaining the same notation, if we farther call P, the weight 
of a given quantity of air, which is made up of the separate 
weights, p, and j/, of nitrogen and oxygen respectively; in 
such wise that P, p, and p' shall correspond to F, «, and tf^i 
then, the weights being as the volumes and densities combined, 
we shall have 

p = v. I — a and j/ = ©'. 1 -f- 6; 

substituting for v' and v, their values before obtained in terms 
of the densities and we find 

b — ab aA-ab 

^ a + 6 '^ a-j-b 

for the expression of the respective weights in terms of the 

densities. Now if for a and b, we use their numerical values 

before given we shall obtain 

0.1027404 
for the weight of nitrogen: p = r^^oam = 0.76844 

0.0309596 
weight of oxygen: p^ = ""oTsST" "^ ^-^^^^^ 

weights which do not materially differ from those obtained by 
experiment. 
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If the specific gravities are right, therefore, the ascertained 
weights and volumes are accurate likewise. It is manifest that 
if we assign to P an absolute value other than unity, a con- 
verse operation would prove the converse proposition. 

Secondly: admitting the experiments as to density and pro- 
portionate weight or volume of either of the elements to have 
been accurate, the density, weight and volume of the other 
element cannot be represented but by numbers identical, or 
nearly so, with those already independently obtained; or, in 
other words, that a calculation a priori accords with expe- 
riment a posteriori, 

I shall not carry the numerical examples out in full for each; 
but shall content myself with taking the results for oxygen^ 
and those in so far as they relate to toe^ht only, the experi- 
mental observations for which are capable of being conducted 
more unexcepUonably than eudiometric measurements of 
volumes. 

MM. Dumas and Boussingault find the density of oxygen to 
be 1.1057 (whence agreeably to the notation hitherto employed, 
6 = 0.1057) and its mean proportionate weight (p') 0.2301. 

Substituting these values, then, in the equation 

w_. -^t — , we derive a = 0.0278 and thence 

the specific gravity of nitrogen = 0.9722 

The experiments gave = 0.9720. 

Applying the value of a in the other equation 

p = -^ — , we obtain p = 0.76976 

instead of 0.76990 as found 

by the experiment. 

These verifications, which might be extended throughout, are 
sufficient to shew the reliability of the results obtained. They 
indicate also, what is quite conformable with these results, the 
propriety of taking for specific gravity. 

Specific gravity of oxygen . . 1.1058 

nitrogen . . 0.9722 
These applied in the equations last employed would §^ve values 
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of p and f^, diflfering only in the seventh place of decimals 
from those furnished by observation. 

Thirdly: in no point will the proportions required by the 
theory of chemical composition accord with the observations 
given above. 

Chemically, the respective volumes of nitrogen and oxygen 
would be required to be as 4 to 1 ; now recurring to the equa- 
tions 

b ^ a 

V = — r- r and vf = 



a-|-6 a-\'b 

and expressing them in proportions, thus 

a ~{-b : b : : 1 : v 

and a 4" 6 '• ^ • ^ 1 - ^ 

we have, ex (zqmli, 

b \ a i\ V I if 
But in the chemical theory 

» : t/ : : 4 : 1 
that is & : a : : 4 : 1 

Therefore if the sp. gr. of oxygen be taken as accurate, the 
sp. gr. of nitrogen, instead of 0.9722, would have to be 
0.9736 : or, if the nitrogen be taken as the basis, the oxygen 
instead of 1.1058 would have to be 1.112. It is impossible to 
admit that observations made at the present day, by men less 
skilful than the distinguished experimentalists, should be so 
much en icari. 

The chemical theory is still less supported by the propor- 
tionate weights. If we deal with the equations affecting p and 
jp' as we have just now done for v and i/: we may state 

a-|-6 : b — ah :: 1 : p 
and a'\'b : a -f- a6 : : 1 : p/ 
Hence b — ab \ a + ab :: p : p 

Now the atomic relations require that the oxygen and nitrogen 
should be in the proportion of 8 to 28; 
i. e. p : pi :: 28 : 8 and 

b — ab : a-\'ab :: 28 : 8 
Calculating then this proportion from the sp. gr. of nitrogen 
(0.9722) which is admitted by all to be very near the truth, we 
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derive a specific gravity for oxygen of 1.1276 : a result not to 
be supposed possible, without discrediting the best experiments. 

3°. To guarantee the strong conviction, if not absolute cer- 
tainty, that the constitution of the atmosphere is constant at all 
epochs and places. 

On the first point, the re- weighing of a litre of air in 1839 
by MM. Dumas and Stas (which they find 1.2995, while Biot 
and Arago had made it 1.2991) and the agreement of their 
present results with the analysis of Humboldt and Guy Lussac 
in 1803 — serve to shew, that no appreciable change has oc- 
curred in nearly forty years. Also, the diflference in propor- 
tion of oxygen, in air analysed during a prevalence of clear 
dry weather, and that employed during rainy weather (viz. 
23.01 in the first case and 23.015 in the second) seems to 
belong to this category. 

On the second point, their present researches at Paris, those 
of M. Boussingault in the Andes, those of M. Brunner at Berne 
and on the Faulhom (among the Bernese Alps) during an 
entire month (July, 1839), and those of M. Verver at Gronin- 
gen, are quoted to shew an absolute coincidence of composition. 

Such are the particulars which, though not relating emphati- 
cally to the manufacture of iron, I have thought it interesting 
to give touching the two main elements in the atmosphere. 

JLb to the third element^ the carbonic acid, Mitscherlich gives 
as the result of atmospheric analyses near Geneva, for the pro- 
portion of carbonic acid: maximum 0.000574 in volume 

minimum 0.000315 do. 
mean 0.000445 in vol. 

Saussure's quantities are not materially diflferent: 
viz : maximum 0.000620 

minimum 0.000370 
mean . . 0.000495 do. 
The common mean of these is 0.00047 in volume, corres- 
ponding to (0.00047 X 1.52 =) 0.00071 nearly in weight; 
or about tiVt and Winr? in round numbers of each relation 
respectively. Therefore,, in every 1000 cubic feet of air 
(weighing 76.5 lbs. avoirdupois) which is supplied to a fur- 
18 
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nace, there will be furnished in the same time, on an average, 
0.47 cubic feet of carbonic acid, weighing 0.055 lbs,* 

And if we take the case of a charcoal-furnace, blown into at 
the rate of 900 cubic feet per minute, while the whole quan- 
tity of air in a turn of 12 hours will be 648,000 cubic feet 
weighing 50,000 lbs. nearly, the entire amount of carbcmic 
acid in the same period will be little more than 300 cubic feet 
or 35 lbs. in weight. 

The remaining ingredient^ aqueous vapor, is more variable 
according to localities and according to circumstances in the 
same locality. It also causes, when hot-blast is not employed, 
a notable difference in the working of furnaces. This can be 
practically remarked in the results of the same establishment, 
for instance, according to the different seasons of the year. 

* The new specific gravity of oxygen, already indicated, rendera necessaiy 
a corresponding alteration in the specific gravity of carbonic acid; which U 
derived from the foUowing considerations. The researches of M. Dumaa 
have terminated in shewing the definitive combination-number of carbon to be 
6.; while that of oxygen is admitted universally to be 8.: which Dombers 
would shew the relative specific gravities of the two elements, if combining 
in equal volumes. But the combination-mode of oxygen being in demi- 
votumes, it follows that its sp. gr. will be to that of the vapor of carbon as 16 
to 6, or as 1 to 0.S75. The sp. gr. of oxygen then being taken at 1.1058, that 
of carbon-vapor will be (1.1058 X 0-376 =) 0.414675. 
One volume (or two demi-volumes) then of oxygen of sp. gr. 1.1088 

with one volume of carbon-vapor ... of sp, gr. 0.4147 



form one volume of carbonic acid ... of sp. gr. 1.5205 

which is what I have employed substantially in the text. Farther, this num- 
ber is fully within the limits of experimental densities, as will be seen in the 
following list : speciAe gnvtty. 

Carbonic acid, by Allan and Pepys, . . . 1.5240 

6. de Saussure, .... 1.6180 
Biot and Arago, .... 1.5196 
Berzelius and Dulong, . . 1.5245 

Thomson, (inferred) . . 1.5277 

Turner, do. . . . 1.6289 

In a special chemical treatise, it would be of interest to present the investi- 
gation of the alligations of this element in the atmosphere, and to shew the 
modifications therefrom of the sp. gravities of the two other elements : here 
it would be out of place. 
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The tables that have been constructed upon theory and 
experiment of the pressure of the vapor of water under dif- 
ferent temperatures, taken in suitable connection with observa- 
tions of the dew-point and of the barometer, enable us readily 
to determine the proportion of vapor existing in the atmos- 
phere at the period of such observations. Thus, at Baltimore, 
in the year 18S6, the monthly means of the barometer, hygro- 
meter and proportion of vapor, were as follows:* 



1836. 


Barom. 


Tber. 


Dew-Point 


Vapor in 
volume. 


Vapor in Iba. 

for 1000 eft 

of Blaat 


January, 


. 29.95 . 


81.° 


. 18.''48 


. 0.00444 


. 0.21 


February, 


. 80.01 . 


26. 


. 9.58 


. 0.00823 


. 0.15 


March, . 


. 80.03 . 


86.5 


. 15.85 


. 0.00403 


. 0.19 


April, . 


. 80.04 . 


51.5 


. 34. 


. 0.00772 


. 0.36 


May, . 


. 29.94 . 


64.5 


. 49.45 


. 0.01312 


. 0.61 


June, . 


. 29.90 . 


68. 


. 60. 


. 0.01873 


. 0.87 


July, . 


. 29.90 . 


76. 


. 64. 


. 0.02127 


. 0.99 


August, 


. 29.97 . 


71. 


. 68.25 


. 0.01769 


. 0.82 


September, 


. 80.00 . 


69. 


. 56.78 


. 0.01680 


. 0.78 


October, 


. 29.98 . 


46.5 


. 82. 


. 0.00722 


. 0.33 


November, 


. 29.97 . 


89.5 


. 26.20 


. 0.00504 


. 0.28 


December, 


. 80.09 . 


81. 


. 16. 


. 0.00409 


. 0.19 



Mean, 



50.9 36.59 



0.01028 0.48 



The 1000 cubic feet is rather more than the Maryland char- 
coal-furnaces receive per minute: but we shall not be far 

* Trans. Maryland Academy of Science, vol. i. p. 175 ss. 

In calculating the last column of the table, as great accuracy and refine- 
ment were not called for, I have employed a very simple formula that may 
be advantageously used in similar cases. Calling the baroinetric pressure b, 
the means of the thermometric and dew-point columns respectively t and d, 
the elastic force of vapor at its constituent temperature F, the specific 
gravity of vapor 0.625, that of air under the same pressure and temperature 
being 1, and 0.0765 lbs. the absolute weight of a cubic foot of atmospheric 
air at the mean pressure and temperature ; then 

r. 0-625 . . 76.5 = t. 
b 1 I (J — <0 
■^ 480 

to, being the absolute weight of vapor in 1,000 cubic feet of air. 
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wrong in allowing for them, as a general average, a balf pound 
of aqueous vapor as entering the furnace every minute. Id 
summer, this proportion is raised to nearly a pound; in winter^ 
it falls to the one-sixth of a pound per minute. 

To parallel the case of this ingredient with that of the car- 
bonic acid, it may be added that in the instance of a furnace 
taking 900 cubic feet of air per minute, the average quantity 
of vapor taken in along with it, during one turn of 12 hours, 
will be nearly 6666 cubic feet (46660 gallons) weighing 
311 pounds. 

^ for other substances^ like those with whose mention we 
begun this article, they may exist either accidentally or per- 
manently: but in either case, I apprehend, in chemical combi- 
nation among themselves. They are generally volatile oils 
arising from natural or artificial sources, and those compounds 
of carbon and hydrogen and azote, derived from vegetable or 
animal decompositions. How far, as some have believed, 
they include particles ever passing off from all substances by 
an insensible evaporation, and thus furnishing elements to be 
converted in due time into aerolites, I shall not now stop to 
discuss. Though they have much interest in other relations 
of the atmosphere, (as, for instance, in regard to hygiene,) they 
need not be taken in account of metallurgic operations: and 
although they are capable of being decomposed and are there- 
fore ponderable, their circumstances are such that it is not 
possible to form as yet any estimate of their quantity. 



NOTE B, 

(referred to on pp. 21} 87*) 



On the Proportions of MateriaU. 

The proportions given in the text of p. 21, however they 
may have answered either the special locality or the epoch of 
our author, are inaccurate now; as will appear by the follow- 
ing particulars. 

I. The Coke-furnaces of Great Britain may be assumed as 
producing on an average, each 10 tons of iron in 24 hours; 
i. e. 70 tons per week. Hence, we may easily make the calcu« 
lation of the corresponding consumption of materials: viz. 

1. Ore: The average quantity required for producing 1 ton of 

crude-iron is 3.015 tons, i. e. 6753.6 lbs. or (at 213 lbs. 
per cubic foot) 31.7 cubic feet of ore. This, combined 
with the daily yield and expressed in terms which are 
habitually used in speaking of the blast, is equivalent to 
a consumption per minute of 

0.22 cubic feet weighing 46.9 lbs. 

2. Coke: The average quantity required in producing 1 ton 

of crude-iron is 2.8 tons, i. e. 6272 lbs. or (at b6\ lbs. per 
cubic foot) 111.5 cubic feet* of coke. This, combined 
as just now, is equivalent to a consumption per minute of 

0.77 cubic feet weighing 43.56 lbs. 

3. Alkaline Flux: The average, with 1 ton of crude-iron 

produced, is 0.75 ton, i. e. 1680 lbs. or (at 168 lbs. per 
cubic foot) 10 cubic feet of limestone. This is equivalent, 
as before, to a consumption per minute of 

0.07 cubic feet weighing 11.66 lbs. 

4. Air: We should attribute to a furnace of the assumed 

capacity, the consumption of 3000 cubic feet of air per 
minute; which will weigh, under the average pressure of 
2.5 lbs. per square inch, 269 lbs. avoirdupois. 
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The assemblage of the details may be presented as wider: 
Materials consumed in Coke-furnaces, 





SOLIDS. 


TOTAL 
SOLIDS. 


TOTAL 


r£K MIMUTE. 


ORE. 


COKE. 


FLUX. 


OASEOm. 


Volume in cubic feet, 
Weight in pounds avdp. 


0.22 
46.90 


0.77 
43.56 


0.07 
11.66 


1.06 
J 02. 12 


3000. 
269. 



The solid materials then, in coke-furnaces, make up only the 
Ts^v ifi volume, or t^ in weight, of the whole charge; and for 
every pound of inelastic material is supplied rather more than 
2^ pounds of the %elastic. 

II. The CharcoaUfumaces of Maryland may be rated, on the 
average, at 30 tons of crude-iron, each, per week. With this, 
we may go on to calculate the corresponding consumption, viz: 

1. Ore: The materials used in these furnaces being broim 

hematites and altered carbonates of iron, the former yield- 
ing more than 50 per cent of metal, there is required for 
producing 1 ton of crude-iron only 2.45 tons, i. e. 5488 lbs. 
or (at 245 lbs. per cubic foot) 22.4 cubic feet of ore. 
This, combined with the average rate of product, shews 
a consumption per minute of 

0.067 cubic feet weighing 16.33 lbs. 

2. Charcoal: It is difficult to be precise in this item ; inas- 

much as it is charged sometimes by measure, sometimes 
by weight But as far as the observations go, there ap- 
pears to be required for 1 ton of crude-iron, 2280.5 lbs. or 
(at 31 J lbs. per cubic foot) 73 cubic feet of charcoal. 
This, at the before given rate of product, corresponds to 
a consumption per minute of 

0.217 cubic feet weighing 6.78 lbs. 

3. Alkaline Flux: For this, the greater part of the es- 

tablishments referred to (all, in the tidal districts of Mary- 
land) use oystershdls, as being the most conveniently 
accessible calcareous matter. The average quantity used 
is, per ton of crude-iron made, 575 lbs. or (at 160 lbs. per 
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cubic foot) 3.6 cubic feet of the substance of the shell. 
This rated on the weekly product shews a consumption 
per minute of 

nearly 0.011 cubic feet weighing 1.71 lbs. 

4. Air: We allow to these iumaces 900 cubic feet of sur 
per minute; which, at the mean pressure of 1^ lb. per 
square inch, will weigh very nearly 75 lbs. avoirdupois. 
So that, assemblage may be made as follows: 



McUerials consumed 


in Charcoal-furnaces, 






SOLIDS. 


TOTAL 
SOLIDS. 


TOTAL 


PZk MllCUTE. 


OBS. 


CHARCOAL 


PLCX. 


GASEOUS. 


Volume in cubic feet, 
Weight in pounds avdp. 


0.067 
16.33 


0.217 

6.78 


0.011 
1.71 


0.295 
24.82 


900. 
76. 



Hence it appears, that in charcoal-furnaces the general pro- 
portions of materials do not vary substantially from those of 
coke-furnaces; although in the details, there are marked dif- 
ferences. Thus in both, the solid materials, estimated by 
volume^ are the toW of the charge; and by weighty while in 
coke-furnaces they form SO per cent, in charcoal-furnaces 
they are 33 per cent of the chaise. But if, for instance, we 
take the charge of ore as the standard or unity, we see that by 
weighty the proportions are in 

On. Fael. Flux. Air. 

Coke-furnaces, . 1. 0.93 0.25 5.76 
Charcoal-furnaces, 1. 0.42 0.10 4.60 

This correction is applicable to the statements made on p. 88. 

A similar comparison by volume would be less satisfactory 
both because of the differences between the volume derived 
jfrom the specific gravity of the substances respectively and 
the habitual commercial unit of each, and because of the dis- 
crepancies of these commercial units themselves. Thus, for 
instance, a regular cubic mass of charcoal, measuring one foot 
in each of its three dimensions, will weigh 31 lbs.; but a 
bushel of charcoal, occupying one-fourth more space, weighs 
only 16 lbs. Again, the observed weight of a bushel* of char- 
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coal is very nearly 40 per cent of its theoretical weight; 
while with oyster-shells, the observation is but 28 per cent 
of the hypothetical deduction. 

In the preceding calculations, I have used the relatwe spe- 
cific gravities of the different materials to ascertain their 
volumes; which are, then, as if the several substances were in 
a single compact mass respectively. This assumption is ob- 
viously permissible upon the hypothesis of a momentaneous 
consumption and supply; and it holds the mean of the ratios 
which would have been established: 1°. by using the ordinary 
commercial units of volume, and 2^. by employing the absobUe 
specific gravity as a term of comparison. 

Finally: coke and charcoal furnaces may be directly com- 
pared by weight of ingredients consumed in any given time in 
each — the weights for the charcoal-furnaces being throughout 
called unity: 



On. 


Fud. 


Flax. 


Air. 


1. 


1. 


1. 


1. 


2.9 


6.4 


6.8 


3.6 



Charcoal-furnaces, . 
Coke-furnaces, 

These ratios hold good on the assumption that the quantities 
operated upon at once, i. e. the capadHes of the fumcuxs^ are in 
the relations of 3 to 7 respectively. If the capacities, in both 
instances, be assumed the same (as is supposed in the deduc- 
tions on p. 88) the corresponding ratios will be derived, by 
dividing those here given by the fraction ^; the resulting ratio 
in the consumption of air will be, then, the exponent of the 
fusibility of the materials, respectively. 



NOTE C, 

(rafened to on p. 22.) 



On the Fusing point of Iron. 

Mt principal inducement to make a note here was in seeing 
that, notwithstanding forty years ago the inaccuracy of Wedge- 
wood's pyrometer (by whose indications the fusion of iron had 
been measured) were vividly pointed out, and thirty years ago 
Guyton-Morveau had shewn that the degrees of Wedgewood's 
scale were overrated more than one hundred per cent, by its 
inventor, still results from such an instrument continued to be 
frequently quoted and tabulated. Thus we may see in several 
recent publications, elementary, e professo, and of the hand- 
book order, the melting point of iron recorded as nearly 
18,000° of Fahrenheit's thermometer; an enormous tempera- 
ture wholly inconsistent, (if impressed on large masses, as we 
see done every day) with the animal organization, even, of the 
workmen employed in producing it. 

The calculations which I have previously given, (Part I. 
p. 248) of the heat which can be sensible in a furnace, are suffi- 
cient, in their approximations, to shew that this temperature is 
extravagant. But I propose in this note to offer some farther 
considerations, which may serve to fix more precisely our 
ideas on the subject. 

To those who have acquainted themselves with the steps of 
physical learning in the last three-quarters of a century, this 
very matter presents a remarkable instance of the (I will not 
say, revolutions of opinion, but) oppositeness of current state- 
ments which, like tides, affect the march of the sciences of 
observation. It would be beyond my purpose to make here 
an historical notice of all that has taken place upon this ques- 
tion; but I will quote, in illustration of my remark, a few 
prominent circumstances. 

19 
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For instance, from experiments ingeniously contriyed and 
well-founded in principle, if only met by commensurate me- 
chanical accuracy (a tube of iron with one very small orifice, 
introduced into a furnace, was heated, as far as could be 
without fusion; the orifice was then stopped with a piece 
of wire, and the apparatus withdrawn and plunged under 
water; after it had acquired the temperature of the atmos- 
phere, the wire was withdrawn under the water and the ex- 
pansion of the inclosed air measured by the volume of water 
which then entered the tube) Lambert calculated the fusion of 
iron to occur at 1 978° Fahr., equal to 1081° Centigrade, nearly.* 

"When some time afterwards the 130th degree of Wedge- 
wood's pyrometer was reached with melting iron, the conclu- 
sion was, agreeably to the scale which had been announced 
for that instrument, that the temperature required for fusion 
was 17978° F., or 9970° C.f 

A little after the beginning of this century, Guyton-Morveau, 
who was aware of the result of Lambert and cites it as (ou- 
dessotis de tcmte vraisemblance) below all likelihood, concluded 
from experiments carefully made under his own direction by 
Clement and Desormes, the point of fusion to be at 6346° Cent 
equal to 11455° Fahr. J 

It is true, that this estimate was derived from indications of a 
Wedgewood pyrometer (to the rectification and developement 
of which, M. Guyton had applied a portion of his extraordi- 
nary activity, patience and skill) and professes to be upon 
corrected readings of its scale. If these corrections, however, 
had been applied only to the scalcj and Wedgewood's own read- 
ings had been taken for the matter to be corrected, the result 
would have been 5095° C, or 9202° F., retaining Wedgewood's 
zero; and only 4783° C, or 8642° F., with Guy ton's new zero. 

Other results were obtained by the same Desormes and 
Clement, in experiments with a calorimeter; and they state the 
point of fusion to be 3902° F., or 3988° F., according as the 
direct or inverse mode of using the calorimeter (i. e. the heat- 

* AfmaUi di Oimii, Ixziv. 45. f PhU, TVoni. Izxii. 819. 

t jSmuUei de OhimU, Izxxvi. 27. 
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ing of water or the liquefaction of ice) be adopted.* These 
numhers correspond, on the Centigrade scale, with 2150^ and 
2198° respectively. 

Finally, Mr. Daniell has observed, with an extension-pyrome- 
ter of his own construction, elaborately compared with the 
best experiments on expansion, the fusion of cast-iron to occur 
at 2786° F. corresponding with 1530° C. When ultimately 
corrected, he rates it still lower.f 

So, we see the estimation of this fusing-point, beginning at 
about 1000° C, rise to 10,000° C. and recently return to about 
1500° C; with the probability that it is rather below than 
above this last mentioned point. 

All these results, to which I have referred, have been ob- 
tained from experiments more or less directly made upon the 
point at issue. I do not intend to discuss the bearing of the 
several steps taken in each, nor analyse their respective merits 
or trustworthiness; although hereafter some interest might 
attach to such an investigation. I shall confine myself to an 
inquiry how far other experiments, not made with a view to 
this special point, are capable of being converted into indirect 
testimony upon it. 

In investigating this subject analogically, (I do not say, ana- 
lyticallyy for that would imply a higher state of knowledge in 
regard to the various forces, active and acting, than I suppose 
we possess as yet) the simplest aspect of the phenomenon of 
Jusion is that of a destnu^ian of cohesion. In this aspect, we 
replace the very difficult pyrometric observation, by the easier 
experiment of extensibility with straining forces. 

It is much to be regretted, that so far we are deficient in 
accounts of well-conducted experiments to this end: and of all 
that have been made, it may be said, that either the arrange- 
ments for registering the actual extension were not refined 
enough, or the results of such registry are involved in the 
function of respective (not absolute) cohesion, and so come to 

^I give these numbers upon the authority of Mr. Daniell.— P^. Dram, 
IS80, p. 861. 
fPAa TVanj. 18S1, p. 462. 
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partake of the approximate character of the formiile for ex- 
pressing such functions, or the limit has not been defined 
between the total destruction of cohesion (or its lower grade 
loss of elastic force) produced by a certain weight or force of 
any kind acting for a long time, and what is produced by a 
much greater weight or force operating in a shorter time. 
The elaborate experiments of Mr. Telford,* which to be sure 
had another aim, are illustrations of the first and third of these 
categories; those of Tredgold and Rennie, of the second. 
The insular philosophers have not been more unsuccessful than 
the continental ones; as will be seen in the following state- 
ments, containing the latest and best observations which have 
come under my notice, of the extension nearest preceding rup- 
ture. These experiments are all on the abiohUe tenacity of 
malleable-iron; and the ultimate extension is expressed in parts 
of the original length, which is taken as unity. 



No. of ob- 


Extension. 


Mean. 


serrationi. 


maximum. minimiiin. 


Seguin, ... 5. 


0.054 0.025 


0.015 


Telford, ... 4. 


0.154 0.104 


0.124 


Minard and Desormes, 22. 


0. 185 0.025 


0.086 


Brown, ... 7. 


0. 123 0.005 


0.060 


Emile-Martin, • 48. 


0.243 0.070 


0.196 



The other experimenters on absolute tenacity (in number about 
twice as many as those here given) either have not registered 
the extension at all (as Brunei and Rondelet), or have confined 
themselves (as Barlow and Duleau) within the limits of an 
elasticity yet perfect. These last are therefore inapplicable to 
our present purpose. 

It will be seen, that I have restricted myself to the observa- 
tions on maileahle iron; because it seems much more likely 
that a coincidence of result might be obtained for a substance 
of comparatively uniform constitution and texture, than that 
experiments on crude-iron, which varies almost for every 
locality, should be in accord. But the table shews that not 
even in this more favorable case, is there an agreement suffi- 

• Barlow : Strength of MaUriaU, etc. p. 209. Lond. 18S7. 
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cient to warrant any reliance on an indiscriininate mean; nor 
in the tnde margin^ which exists between the maximum (0.243) 
of Emiie-Martin and the minimum (0.005) of Captain Brown, 
are we able to locate with any preciseness the necessary con- 
stants for a calculation, which, to have any practical value, 
must deal with quantities either exact or infinitely approxi- 
mative. 

Mr. Tredgold* has, it is true, combined the observations of 
respective cohesion with an elevation of temperature, in such a 
manner as to deduce the variation of cohesive force : but apart 
from the apparent want of precision in the experiment (other 
than that guaranteed by the singular sagacity of the observer) 
it was confined to a range not exceeding 150° Fahr.; and there 
is otherwise reason for concluding that the law of deflection is 
materially changed, after the limit of elasticity has been passed 
and the position (in space) of the neutral axis changed. How- 
ever, his conclusion was that iron loses the ^^Vir of its cohesive 
force by an elevation of temperature corresponding to 1° Fahr. 
This would place the epoch of total destruction of cohesion, 
i. e. fluidity, at (approximately) 3040° Fahr. or 1671° Cent. 

In the absence, then, of sufficient data for calculation upon 
this simple hypothesis, we are left to the resource of deducing 
the law of expansion by heat from existing observations at 
easily practicable temperatures, and in applying it to more ele- 
vated ones, of finding its limit by comparison with other recog- 
nized physical laws governing the constitution of the metal. 
Such deduction, and the attempt to establish the limitation, 
(which must exist, whether we are able to define it or not) 
will occupy the principal part of the remainder of this note. 

The observations open for resort have been, chiefly, of the 
expansion in one direction, i. e. of extension in length. But, as 
the law must be the same for any one direction and for the ag- 
gregates, and so the only question be of the exactness of 
quantities, (not ratios,) it appears to me that we are warranted 
in using the observations of either kind that may be most con- 

* Ewttf on CaH Iron: p. 104. Lond. 1824. 
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venient, and even (if it should be necessary) of interchangiiig^ 
them reciprocally. In such reciprocation it is proper, how- 
ever, to have regard to the exact geometric relations; and thus 
to escape the inaccuracies arising from the neglect of differ- 
ences of the third order for instance, which, although inappre- 
ciable at first, become, in a rapidly divergent series, of conse- 
quence at high temperatures. At least, such is the way which 
I have prescribed to myself For example, in employing the 
expansions recorded by Dulong and Petit (I may remark, once 
for all, that when I use the word expansion^ I mean an ex- 
pansion in vohme^ as contrasted with an extension in length 
or any lineal dimension) if we neglect the two last terms in 
the equation giving the correlations of the two quantities, viz: 

1 + E = 1 + 3f -f 3£« + f» 

we should have an extension at IW C. of . 0.00118203 
instead of more exactly .... .00118060; 

and an extension at 300° C. of . 0.00440529 

instead of 00438579 

In ascending to temperatures such as those which appear, from 
the former part of this note, to occur at the fusion of iron, the 
differences of a converse operation would be in the second or 
third decimal place. 

The results of experiments on the extension of iron in dif- 
ferent states, recorded or deduced, are sufficiently numerous; 
as will appear by the following table, which I present not for 
curiosity or general interest merely, but specially to shew that 
up to the temperature at which water becomes vapor, the ex- 
tensibility of iron is pretty well ascertained,* and that the error 
of a general mean is in very different circumstances from those 
indicated for the table of extensibility by weight, which I just 
now had occasion to give. 

^ Of course, I do not intend to include in this remark some of the earlier 
observations, and such as in the table are thus (?) noted. The reason for 
their insertion in a statement, professing to be neariy complete, it obvioas. 
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One of the observers named in the foregoing table, Hall- 
strom, measured the extensions for every ten degrees of the 
Centigrade thermometer. His results, which are of great 
interest for the present purpose, I embody below. 

ExteMion of Iron at various temperatures^ from 0° to 100° C. 

length at 0° being unity. 



Temp. 


t 


diff. 


Temp. 


t 


diir. 


10° 


0.000102 


102 


60° 


0.000734 


146 


20° 


.000211 


109 


70° 


.000692 


156 


30° 


.000328 


117 


80° 


.00J063 


171 


40° 


.000453 


125 


90° 


.001247 


164 


50° 


.000588 


135 


100° 


.001446 


199 



One need only look at this table to be struck with the regu- 
larity of the column of differences; which for greater illustra- 
tion, I have interpolated. In fact, by carrying the differences 
out until they become constant (as they do in the third place) it 
is easy to see, that the quantities of extension are expressed by 
an equation of the form 

t = ax -{- by -\' cz 

Xy 1/, and r, being constants given by experiment; and the co- 
eflScients, a, b, and c, being numbers dependant on the ratio of 
the series. This series containing no quantities higher than the 
third power, the co-efficients are convertible, (if we take n to 
represent the term in the arithmetical progression of tempera- 
tures, so that n = ?1) as follows, viz: 



a = n 



6 = n. 



n — 1 



c = n. 



n — 1 ft — 2 



2 



S 



and the equation becomes in general 

, n« — n , n' — Sn* + 2n 
i = nx'\ g — .y H g— S— 

If in this equation we substitute for x, i/, and r, their respec- 
tive values as given by Hallstrom's experiment: to wit, for x, 
the number 0.000102, for y, 0.000007 and for r, 0.000001 ; 
and make n successively equal to each term in the temperature 
series, viz: I., 2., 3., etc. we should reproduce almost exactly 
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the successive values of t as given in the table. The last term 
would be a little in excess, viz: 0.001455 instead of 0.001446; 
but by considering x as only 0.0001^ the diflFerence would take 
the contrary sign. 

It is however obvious a priori^ that these values of a:, y, and 
Zy have not their proper relations; since the diflFerence of the 
third order is already in the same decimal place with that of 
the second. It is farther likely that in such a course of expe- 
riment the extension would be read too high, from the extreme 
difficulty of controlling the temperature of the medium by 
which the heat is applied, so that it shall not pass its proper 
degree before the reading is made. Accordingly we need not 
be surprised to find, as is shewn in the table, this identical 
result the very highest (even exceeding that of iron-wire) nor 
its matriculating equation, when applied in terms to tempera- 
tures much more elevated but within the limits of observation, 
oflfering extensions far beyond the actual. In fact, at a tempe- 
rature of 300° C. these values of the constants would accuse 
an extension more than twice as great as that carefully observed 
by Dulong and Petit. 

The considerations which I have indicated, as implying in 
advance an inaccuracy in the constants derived from Hall- 
strom's experiments, do not aflfect the co-efficients, i. e. the 
ratio of combination. It seems to me, therefore, that we are 
warranted in using the equation, provided we assign suitable 
values to x, y, and z, and such as will accord in reasonable 
limits with the result of other experiments. Hence we may, if 
we please, by giving to i the actual values which it is found to 
have at diflferent points of the scale from 0° to 300° C, obtain 
by successive eliminations, values of ar, y, and ar, which will 
correspond up to 300° C. with the ascertainment of t ; but we 
have no guarantee of accuracy beyond that limit I have 
therefore preferred to establish the constants by another 
method. 

It is obvious, from the whole course of the practical results, 
that the value of the first term cannot be materially wrong; 
and therefore that the corrections need be applied only to y 

20 
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and z. It is moreover easy to see that these ought to be func- 
tions of X, and of a similar order with their co-efficients respec- 
tively; so that they may be expressed thus: 

yz=mxn and z = /^ ^"^ n) 

And if we consider that the phenomenon of extension is an 
affection of a general law of repulsion, by which the forces 
vary inversely as the squares of the molecular distances, we 
shall have, at any epoch, m =* 3, and n = 2. Substituting 
these values, we have 



y=3xS and2; = >^ax|j» 

And taking x = 0.0001 and translating the literal equations we 
have y = 0.000001 

and z = 0.000000006 + 
With these quantities, applied in the equation for the series 
before given, I have calculated a table of extensions up to 
2000° C; part of which will be given presently. They yield 

• = 0.0011356, at 100° C; a value not dif- 
fering materially from 0.0011806, ^^ as found by 
Dulong and Petit; and 

, = 0.0043253, at 300° C; while the same 
observers found it to be 0.0043858. 

If the value of x had been left as at first, 0.000102, the 
accord would have been more striking ; but as it is, it is satis- 
factory enough, and we may therefore consider the analytic 
law as sustained through die whole range of experiment 

Nor beyond this range are we left altogether without re- 
sources of control and verification. These are furnished, in 
the comparison of the successive extensions with the incre- 
ments of specific heat, which have been signalized by the ob- 
servers Dulong and Petit; the classicality of whose researches 
has given me occasion already so often to refer to them. 

They found the specific heat of iron at varying temperatures 
(that of water being unity) as follows:* 

* Jinn, d€ Chimie et Physique, vii. 147. 
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Table shewing the sfedjic heat of Iron corresponding to the 

temperatures inscribed. 

temperature. specific beat 

100.° 0.1098 

200. 0.1150 

300. 0.1218 

350^ 0.1255 

In order to render this scale comparable at a higher tempera- 
ture, it is necessary to convert the numbers in the column of 
specific heat into an empiric formula; which, expressing ex- 
actly the increments within the range of observation, may be 
supposed capable of a simOar expression without serious error 
at higher temperatures. 

If we call then, «, the specific heat .of the metal between 0° 
and 100°, and tn, any term in the arithmetical series of tempera- 
tures (progressing by hundreds of degrees, i. e. so that m = j^A 
and a/, y, etc. the constants determined by experiment, we de- 
rive, from the law of the series, 

m — 2 



ds = m — l,a/ + i» — 1. — - — . y ; 

and calling, s'^ the specific heat corresponding to a temperature 
above 100% 

sf ^ s -{-m — l.a/ + m — 1 . — - — . tf 

From the first three terms of Dulong and Petit^s experiment, 
have xf = 0.0052, and y = .0016 ; values, which (although that 
of y appears, from theoretical considerations like those sug- 
gested in treating the equation of extension, too high) I have 
not allowed myself to alter. It is with these numbers and the 
constant 0.1098, replacing s in the last equation, that I have 
calculated a table of specific heat corresponding to tempera- 
tures as high as 2000^ C. 

But, before presenting this table, I wish to ofier another 
shewing the comparison just now indicated; which has been 
calculated by the first of tlie two equations just now given, 
viz: 



156 

Table shewir^ the ratio of the two scales of spedfic heat and 

extension. 



temp. 

100.° 


0.0052 


t 

0.0011356 


L = raiio. 
ds 

0.218 


200. 


.0120 


.0025757 


0.215 


300. 


.0204 


.0043253 


0.212 


400. 


.0304 


.0063894 


0.210 


500. 


.0420 


.0087730 


0.209 


600. 


.0552 


.0114811 


0.208 


700. 


.0700 


.0145187 


0.207 


800. 


.0864 


.0178908 


0.207 


900. 


.1044 


.0216024 


0.207 


1000. 


.1240 


.0256585 


0.207 


1100. 


.1452 


.0300641 


0.207 


1200. 


.1680 


.0348242 


0.207 


1300. 


.1924 


.0399438 


0.208 


1400. 


.2184 


.0454279 


0.206 


1500. 


.2460 


.0512815 


0.206 



The numbers in the last column are so uniform, that we are 
almost warranted in saying that the two scales follow the same 
march. Indeed, after the first three or four terms, when the 
already signalized disproportionate value of y becomes ab- 
sorbed in the progression of its co-efficient, their rate is sen- 
sibly the same. Nor is this delusive, by being appropriate 
only to the earlier terms of the temperature-series; for in 
extending the calculation, as I have done for verification up to 
3000% I find, at that term, a value for I of 0.21854, differing 

only in the fifth decimal place from that at the first term. 

It is manifest, therefore, in regard to the increments of spe- 
cific heat and those of extension, that whether or not we have 
obtained the true law for either^ we have the same law for both; 
a condition, requisite in the general theory and here specially 
satisfied in the constant ratio which has been educed. It is not 
my purpose, however, to argue this point farther than merely 
to allude to the mutual confirmation afforded by the two series, 
and to indicate the verification which I before expected to 
procure for the first by a suitable comparison with the second. 
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I shall now present the two series in juxtaposition for the 
first 1700° C; which includes all the range necessary for my 
present object. 

Table shewing the extension of Iron^ due to its specific heat at 
different temperatures^ and also the adual extension at the 
same temperatures; in parts of original lengthy viz: unity ot 
zero of the Centigrade thermometer. 





y 


temp. 


Bpeclflc beat. 


100.° 


0.1096 


200. 


.1150 


300. 


.1218 


400. 


.1302 


500. 


.1402 


600. 


.1518 


700. 


.1650 


800. 


.1798 


900. 


.1962 


1000. 


.2142 


1100. 


.2338 


1200. 


.2550 


1300. 


.2778 


1400. 


.3022 


1500. 


.3-282 


1600. 


.3558 


1700. 


.3850 



extension 
due to spec. beat. 


actual extensioi 


0.0011356 


0.0011356 


.0023788 


.0025757 


.0037791 


.0043253 


.0053863 


.0063894 


.0072501 


.0087730 


.0094199 


.0114811 


.0119455 


.0145187 


.0148766 


.0176908 


.0182627 


.0216024 


.0221535 


.0-256565 


.0265987 


.0300641 


.0316479 


.0348242 


.037^507 


.0399438 


.0437568 


.0454279 


.0509158 


.0512815 


.0588774 


.0575096 


.0676913 


.0641172 



The aim that I had in constructing this table, which for illus- 
tration has been extended more than was otherwise absolutely 
necessary, and the uses to be made of it, are very plain. It is 
obvious that the accident of fusion of any substance (to give 
the subject its greatest generality) is limited: on the one hand, 
by what is termed the specific heat of the substance, i. e. its 
relative property of progressive proportionate expansion with- 
out change of form under successive increments of heat, or in 
other words its capacity of (if I may be allowed the word) 
accommodating such heat; and, on the other, by (what I shall 
call for greater distinctness and because, too, of the considera- 
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ble individual variations in its manifestation) the phenomenon of 
actual expansion. These two circumstances — the property 
and the phenomenon — are distinct affections; their qualifica- 
tions are arrived at, as we may see, by quite independent modes 
of observation and methods of calculation; they are simply 
correlatives. 

Now, it will be comprehended that if the specific heat of a 
substance remained constant at all temperatures — if there was 
no increasing adaptation for entertaining, and as it were ab- 
sorbing among its own particles, the fresh increments of heat 
as they may be applied, the tendency of such applications 
(which would be accompanied, every one, by an exactly cor- 
responding elevation of temperature) would be altogether to 
induce a change of form in the substance. And this tendency 
would become actual, and the change of form (which for a 
solid body is termed fusion^ for a liquid, vaporization^ and for 
gases has no name as yet, merely because our means of obser- 
vation cannot appreciate its occurrence) take place, whenever 
the repulsive force of the sum of the heat-increments became 
equal to the molecular cohesion of the substance itself. 

We have an illustration of this in the case of water. When 
heat is applied to this substance, it of course expands; but its 
specific heat varying at the same time so slightly that it may 
be regarded as constant, the effect of the heat applied is all in 
the direction of a change of form; and the cohesive force to 
resist this change being very small, the point is soon reached 
where (to use the greatest simplicity of phrase) the water can- 
not hold the heat and be water. It therefore becomes vapor. 

If, in the other extreme, we assume the case of a substance 
whose specific heat, instead of being constant, is expressed 
by a series which, at an infinitely high temperature, becomes 
itself infinite; its capacity for accommodating heat and conse- 
quently its proportionate progressive expansibility are infinite 
likewise. Such a body is in the abstract incapable of change 
of form. 

It follows that, in producing a change of form in any sub- 
stance, it is necessary for the actual expansion, which is a 
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constant function of the cohesive force of the substance in 
question, to fall below the expansion due to the scale of spe- 
cific heat, whose terms are functions of the repulsive force of 
heat When this takes place, of course the cohesion of the 
substance is overcome; and its particles, whether of a pre- 
viously solid, liquid, or even gaseous body, are left (if no more 
heat is applied) to obey the solicitations of their own gravi- 
tating forces compared with the gravity of other particles 
around them. 

If all this be premised, the object and application of the 
table just ik)w given is very simple. It is only requisite to 
see in its columns at what temperature the cohesive force has 
been overcome, — ^which is indicated by the equality of n and 
s, — to find the point where fusion commences. An inspection 
shews this to be between 1500° and 1600° C. i. e. 2732° and 
2912° F.; a result which accords sufficiently near with those of 
observation, as already given, to warrant the non-existence of 
any material error in the data and elements of which use has 
been made. 

In the present state of these data, it would be obviously pre- 
mature to have given a greater minuteness to the terms of the 
table, in order to present with nearer precision the temperature 
of the point of fusion. Such precision, however, is readily 
procurable, without the trouble of tabulation, from the general 
equations which have served already, and which may be ex- 
pected to continue to serve even when farther experiments 
have introduced modifications in the data. Indeed, I should 
have contented myself with merely giving the equations and 
converting them numerically so as to deduce at once the point 
in question, had I not supposed that additional clearness would 
otherwise be imparted to the expression of my views, and that 
some might have interest in tracing the progression of the 
agencies at work in producing fusion. 

Recurring for a moment to these general equations, the first 
of them, viz : 

, n' — n , n® — Sn* 4- 2n 
*=nx'\ 2~'*"' 6"-^ — '^ 
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becomes, in substituting the numerical values of x, y, and 2, 
respectively, 

_ 11.8202 n + .1797 n« + 0.0001 n» . 
' ~ i 20000 ' 

and if we employ for n its value ^^\ and increase the denomi- 
tor to millionths for the sake of avoiding so many decimal 
places to the right of zero, we shall find finally 

118.202^ + 0.1797^' + O.OOOOU' 
' — 12000000 

Such is the expression of the actual extension for any tempera- 
ture, t being counted by single degrees. 

To reduce the other to a similar expression, we have in the 
equation (equivalent to that for «', on p. 155) 

a' = 0.1062 + 0.0028 m + 0.0008 m« 

the value of m = j^. Substituting this term of t and con- 
verting as the former into a fractional form we have 

. _ 106.2 + 0.028^ + 0.00008t» 
~ 1000 

to express the specific heat for any number of degrees (t) of 
temperature. 

To deduce a formula for the extension (ij) due to the in- 
crease of specific heat beyond 100°, the fraction 0.1098 
representing the specific heat from zero up to that term, and 
0.000011356 being the extension. for each degree within that 
range, reckoned uniformly, we have 

M = 0.00001 1356 J 
, s' 0.00001 1356 J , 

^^ '^ =01098 •*'= 0.1098 ■ ^ 

Substituting the value of 8\ just now given, and effecting the 
multiplication, we deduce finally 

a vi ix 

0.0012060072/ -f 0.000000:jl7968/« + 0.00000000090S48/ » 

109.8 

for the extension corresponding to the repulsive force of heat 
for any temperature represented by 1°. 
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By means of these two equations, of course the numerical 
value of t, suitable to the hypothesis of the equality of the 
two scales, can be educed. In fact, we only have to make 
f = fi ; that is (^ving the same number of places in the de- 
nominator of both expressions) in terms of t, 

118.202/ 4- 0.1797f* + O.OOOOH* _ 120.60072/ +0.081 7968P + 0.000090848/8 
12000000 10980000 

Reducing the fractions, and dividing both sides by f, tlie equa- 
tion becomes a simple quadratic, whose resolution has giren me 

t = 152^.5 

This temperature, corresponding to 2774''.3 Pahr., is then, 
agreeably to our premises, the temperature at which ii'on is 
ready to enter into fusion. It is curious to observe how near 
this independent calculation agrees with the experimental result 
of Mr. Daniell, which, as I have already mentioned, was 2786° 
Fahr. or 1530° Cent, for cast-iron in fusion. 

This coincidence may be the result of accident; though I 
confess I do not so regard it myself: but lest any one, for want 
of full reflection and from the very accord, should be tempted 
to consider the issue of the calculation as an arbitrary one, I 
will go on to remark, that it is independent of any thing but 
the law of progression of the two series; which law, it has 
been shewn, is almost rigidly in accord with the numerical re- 
sults of the best experiments. The actual expansion, for 
instance, for the first 100° C. (which, in the application of this 
law, happens to come out a little less than the observation of 
Dulong and Petit) is immaterial, in the comparison of the two 
scales, to the point of their convergence and the change of 
sign of their difference. This will be seen at once, in elimi- 
nating from both sides of the equation last given (which con- 
tains the respective values of i? and s) the factor 0.000011356, 
which is the extension I have assigned at 100*^ C^; so as to 
present the ratio (v: t) disconnected with this term. It is not 
necessary that I should go through this elementary transfor- 
mation here. 

At the same time it must be remarked, that if the problem 

21 
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were to be solyed by a strict comparison of expanrionSy L e. 
of volumes, (which, had the data served, would have been 
more appropriate) the result would have varied, in presenting a 
lower temperature as the point of incipient fusion. This is 
accused, too, by the tabular comparison on page 156. 

Such are the conclusions from the analogical method, to 
which I have had resort. There are besides other modes of 
investigation; which, were there data sufficient, could be em- 
ployed to concur in, or correct, the result of this. So, for in- 
stance, a measure of the heat developed during rupture by 
extension, or an inference of the quantity of that heat from a 
comparison of the contraction which takes place at the point 
of rupture with the law of the increments of specific heat as 
here given (which would be an inoerse method of resolution) 
would, either, be an indication of the temperature necessary 
for fusion. But, beyond the fact, the former particular has not 
as yet been ascertained at all; and the latter does not appear 
to have been measured with any precision. The mean of Mr. 
Telford's statements on this last point indicated for me a little 
over 1400° C; but although he seems to have been aware of 
the interest which might attach to the circumstance,* he did 
not read nearer than the y^ of an inch — a quantity obviously 
capable of inclosing a considerable range of temperature. 

Finally, it will be seen that I have confined myself only to 
the consideration of the afiection by heat of (so called) wrought 
iron: 1°. because the observations of the phenomena of crude- 
iron do not as yet afford basis enough for the view which I 
desired to take : 2°. because (what has been already alluded 
to,) the different specimens of refined-iron in the hands of 
different observers are much more likely to afford an uniform 

* I quote the words of bis note appended to the account of his experiments 
given to Prof. Barlow. " It is a curious fact and deserving the attention of 
philosophers, that frequently at the moment of rupture, the bar [of iron] ac- 
quires such a degree of heat in the fractured part as scarcely to enable [to 
allow] a person to hold it grasped in his band without a painful sensation of 
burning.** fiarlow : Strength of Materials, p. 269. London, ISS7. 
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result than can be anticipated for the indefinite variety of 
manufactured crude-iron: and 3^. because, I suppose, we are 
warranted in assigning a lower temperature for the fusion of 
crude than malleable iron, at least in the proportion of free 
carbon which such crude-iron may contain ; and this, not only 
in that the presence of such carbon brings the substance under 
the general category of fusibility of multiple compounds, but 
also specially that the combination of the carbon with oxygen 
gives rise to products (which may be supposed, for indefinite 
intervals, as not escaping from the mass) having a lower specific 
heat than has been ascribed at high temperatures to iron, and 
therefore assisting in the developement of an mcreased sensible 
heat 

For all this and more, I presume that the determination of 
the point of fusion for malleable-iron prescribes also a limit to 
the fusibility of crude-iron; and, in conclusion, that what has 
been stated here in regard to the former, will serve in its place 
to disabuse us of the notion of such excessively high tempera- 
tures as have been assigned for the fusion of either; which 
was, as I said at first, my chief design in making this note. 



NOTE D, 

(referred to od page 76.) 



On the F%uibility of different Compoundt of SiUcaj Ahminaj 

Lime and Mcignesia. 

This subject, so important in its social uses to metallurgy, 
and to the arts which furnish, for our daily purposes, manufac- 
tures of porcelain and pottery, has been experimentally exam- 
ined by Achard, Berthier, Descotils and Lampadius. M. Ber- 
thier, in particular, has defined the limits within which silica is 
of useful application. 

Nor is it of less importance to theoretical science, if its 
research and developement should lead to the exposition of 
clearer and more definite laws as to the modes and effects of 
heat; and thus impart a higher generalization, than we now 
possess, to the agencies (no doubt simple, could we discover 
tbem) which produce and govern all chemical action. 

It was in both these aspects that I, also, came to make the 
experiments, the account of which occupies this note. 

In the midst of a patient comparison of the results obtained 
by others, and principally those of M. Berthier, it became 
obvious that the data for the generalization I hoped for, could 
only be obtained by a more full and systematic experimentation 
than had yet been made; that, even upon fuU existing experi- 
ments, no verbal history or explanation could characterize, 
with sufficient precision, processes differing but slightly in the 
proportions of elements engaged and to be appreciated, not 
only from inspection of the actual visible product, but also from 
the behaviour (so to speak) of the elements while the process 
was going on; and that, therefore, to pursue the investigation 
properly, an original set of observations would have to be 
made. And these indications, — coupled with the reflection 
that it would be an irksome consumption of time, and thankless, 
(if even I had it, and the necessary means and implements at 
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dispoftal) merely to do over again what so distinguished and 
skilful a chemist as M. Berthier had already done, — guided me 
in the adoption of the method which I employed; and which 
was to expose proportionately small quantities of the sub- 
stances in question to the action of an open flame, urged by a 
strong and uniform blast. 

For this, I used a blow-pipe apparatus which I caused to be 
.especially constructed; and which, as it presents conveniences 
and advantages not generally availed of, I allow myself in 
pausing a moment to describe. The apparatus is in fact a 
miniature blast-engine. A brass forcing pump, with a piston 
of 2 inches diameter and 7 inches stroke, was enclosed in a 
brass cylinder, serving as a regulator, 5 inches in diameter and 
14 inches high; and provided with a suitable stuffing box to 
allow the piston-rod to work through. The whole was then 
set in the corner of a shelf under a table (made for another 
purpose not interfered with by the arrangement, except when 
in actual use;) and a brass tube, } of an inch in diameter, was 
then screwed on to the side, near the top, of the regulator and 
conveyed the blast to a point equidistant from the ends, and two 
inches from the edge, of the table. At that point the table 
itself is pierced to allow a bent tuyere, having a full horizontal 
motion in revolution and capable of removal at pleasure, to 
pass down and work in the horizontal tube aforesaid. A noz- 
zle of glass, (as I used) or of platinum, inserted in this tuyere, 
completes the arrangement at this extremity ; while steel con- 
necting rods and a treddle, fixed to the scroll foot of the table 
beneath, provide for giving convenient motion to the piston at 
the other. 

The combustible employed was toarc, cast in a tube of 1.25 
inches diameter, around a wick composed of 40 strands of 
cotton; which I found to furnish flame enough for the purpose, 
and a heat surpassing what I have ever before seen generated 
with a blow-pipe. And, indeed, if 6ne may judge from the 
results, the temperature was uniformly higher than that ob- 
tained by the large furnace of M. Berthier, which he employed 
for the more refractory of his experiments. 

I had supposed at first, from the fact that in many cases (as 
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in the clay-pyrometer of Wedjewood, for instance) a low tem- 
perature for a long time produces as much effect as a higher 
temperature for a shorter time, that I would be able to measure 
approximately the degree of fusibility by the scale of the times 
employed in producing fusion: but practically this was not the 
case — the more fusible compounds melted instantly; and none 
required as long as 2 minutes. The infusible ones were not 
exposed longer than 10 minutes; — ^there being abundant evi- 
dence from their behaviour, that no closer combination was 
going to take place than had occurred in half that time. 

As to the absolute temperature produced, it is rather difficult 
to establish that upon exact and satisfactory grounds; but ne- 
vertheless, the apparatus was arranged so as to admit the appli- 
cation of means for measuring the quantity and density of the 
air furnished and the weight of combustible consumed in a 
given time. Not to make too long digression here, I shall in 
another place and hereafter give the details and results of this 
topic. 

The elements themselves were with great care exhibited in 
a state as nearly as possible approaching purity, and of course 
finely comminuted. And, as they were meant to be united in 
constant atomic proportions, it was obvious that much time 
would be spared, consistent with due accuracy, if a method 
of constant volumes were substituted for that of toeights. Ac- 
cordingly, having ascertained the absolute specific gravity of 
each, its combining volume was deduced from the system of 
atomic weights in which hydrogen is taken as unity ; and the 
several volumes were then measured on a piece of glass tube 
of perfectly uniform bore, and the tube cut and ground down 
to the proper respective lengths. A thin glass plate was then 
cemented to the bottom of each ; and a piece of light wire, 
wrapped round and projecting, formed a handle. It was easy, 
when the substances were taken up in these tubes, from the 
aspect of the mass completely visible on all sides, to judge 
and be assured of a uniformity of condensation in every case; 
and from the pains bestowed in this regard and the verification 
of weighings in instances taken indiscriminately, I am satisfied 
with the full accuracy of this part of the means employed. 
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And had it been less even, I am not less satisfied, from some 
experience in comparing weights (otherwise of good charac- 
ter) among themselves, that it would have equalled what could 
have been obtained from single weighings, with weights other 
than those carefully compared and corrected for one's own use. 

The elements, being thus ascertained in proportion, were 
then intimately mixed in a mortar; and being poured out upon 
suitable papers, the portion for experiment was taken up on 
the recur\'ed end of a piece of fine platinum wire, and exposed 
to the flame. 

Although the product of the fusion, when it occurred, was 
thus small in quantity, and so did not allow, in such high degree 
as if the mass had been greater, estimation of the character of 
its fracture^ — the proportionate surface exposed was so great 
as to exhibit, for the whole mass, every step in the process 
from mere coherence up to vitrification. And it was upon 
such indications, that the comparative fusibility will be found in 
many instances inserted in the Table. 

Circumstances, out of my control, prevented my taking (as 
I otherwise meant) the specific gravity of each fused or par- 
tially fused product, and thus furnishing another datum, by 
whose comparison with the calculated specific gravity of each 
compound before fusion, an inference might be drawn as to the 
respective efiiect of the agencies at work. 

In all the experiments, I had the assistance of Mr. P. T. 
Tyson; a singularly expert manipulator and skilful in the appre- 
ciation of mineral characters. Nearly every result was exam- 
ined and its description verified upon the journal by both of 
us; so that, besides the value of his aid in other regards, it 
confers a double guarantee of the fidelity of the account given. 

The following Table, which gives this account, is divided 
into seven columns; of which, the first contains the nomencla- 
ture of the compound, on the assumption (which the experiments 
seem to justify) that each more electro-negative element pre- 
sents its oxides (though in different degrees of oxidation) as 
acids to the other. Thus, for the binary combinations, I have 
used the terms silicates , aluminates and magnesiates: for the 
ternary, the term silicate of an aluminate of magnesia or lime ; 
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only, when the two more electro-positive bases were atomically 
equal, I bare employed the phrase, equally intelligible and 
more symmetrical, (for instance,) Hlicate of alumina and Umej 
di-aluminate of magnesia and lime: and for the quaternary, a 
nomenclature founded on the same principles. 

The second column contains the number of atoms of each 
element in the several compounds. As there is no danger of 
confusion, the elements are denoted by the initial letter of their 
English names; and I found it convenient, in disposing them 
symmetrically for experiment, to arrange the three metallic 
oxides in the alphabetical order of their initials. 

The next four columns contain the parts of unity represented 
by the several elements in each mass; which I thought might 
be, with some readers, a convenient additional illustration of 
the subject, and which I took the pains to calculate propor- 
tionally upon the following combining weights: viz. 

Silica: . 46.5 Lime: . . 28.5 

Alumina: . 51.4 Magnesia: . 20.7 

The last column, or more properly the opposite page, con- 
tains the characteristics of each result; ascribed according to 
a constant scale of fusibility, to which I rigidly adhered. Thus 
the aspect of the product may, in the descending series, be 
called glass; enamel — when the substance has. run upon the 
wire; enameUed — ^when only the external parts of the mass run ; 
porcelain; porcellanized — ^when the matter was not reduced in 
bulk so as to present an even surface; porcellanoid; agghui- 
noted; strongly coherent; coherent; slightly coherent; or pul- 
verulent. 

The form, likewise in a descending order of fusibility, may be 
a bead — whose section contains not less than 24(r ; a button — 
any thing less than 240° down to a flattened oval; or a mass. 
A frit is a scoriform mass. 

And the texture of all specimens having a lower than por- 
cellanized aspect may be either such as to break between the 
nails; or to crush between the nail and iron; between the nail 
and polished mahogany; between the nail and the skia of the 
fingers; between the filers. 
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With these characteristics, it seemed to me that a sufficiently 
approximate scale of comparative fusibility had been employed. 

Besides these indications, reference has also been made to 
any remarkable physical developement, occurring during the 
experiment; as, for instance, a more than ordinarily intense 
luminousness, an unusual enlargement or contraction in bulk, 
etc.— circumstances proper to be recorded, although we may 
not yet be able to derive any precise explanation of the causes 
or mode of their origin or effect 

In some cases, where the proportions experimented on hap- 
pened to be the same (exactly or very nearly) with those 
already recorded by other observers, I have inserted likewise 
the character of their result. 

As to the arrangements of the Table in other regards, I have 
endeavoured to make them so palpable as not to need any long 
verbal explanation. 

The number of substances employed, of course, limited the 
orders of combination; and the number of atoms, the peimu- 
tations in each order. Only in the quaternary series, which is 
manifestly capable of great extension, I confined myself to 
such as I supposed were sufficient to exemplify the theory. 
'* The other series are classified according to the atomic pro- 
portion of the element, presumed to present itself as an cLcid; 
and in these classes, the order of sequence of the binary com- 
binations is dictated by the numerical scale of the said acid. 
A symmetrical arrangement of atoms governs in the ternary 
combinations; and in the quaternary series, the sequence is 
founded upon the increasing proportion of the most permanent 
alkaline base — the lime. Neither of these orders is entirely the 
same as that in which the experiments were performed ; from 
whence it arises that in the results, references are made some- 
times to preceding, sometimes to subsequent, compounds. 

I have only to remark further in regard to this matter of se- 
quence, that the word, preceding^ always refers to all the pre- 
vious results of the class in which it occurs, while the word, 
kut^ means the single immediately-preceding experiment. 

I now present the Table referred to^ 

22 
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BMulti of Experiments on the FusUfility of 



KOMBIIOLATURB OF OOHPODHS. 



▲TOXt. 



COMPOUHDt BT WSIOHT. 
BTLICA. I ALUMIHA.. | UMK. | MA«WXIU 



Binary Combinations 

Silica and Mumina. 
trisilicate of alumina, 
disilicate do. 

trihemisilicate do. 
silicate do. 

sesquisilicate do. 
bisilicate do. 

tersilicate do. 

Silica and Lime, 
trisilicate of lime, 
dlsilicate do. 

trihemisilicate do. 
silicate do. 

sesquisilicate do. 
bisilicate do. 

tersilicate do. 

Silica and Magnesia, 
trisilicate of magnesia, 



disilicate 


do. 


trihemisilicate 


do. 


silicate 


do. 


sesquisilicate 


do. 


bisilicate 


do. 


tersilicate 


do. 



S' A''' 


0.232 


0.768 


• • 




S' A'' 


0.311 


0.689 


• • 




S" A''' 


0.376 


0.624 


m m 




S' A' 


0.475 


0.525 


• • 




S'^'A'^ 


0.576 


0.424 


• « 




S'^A^ 


0.644 


0.356 


• « 




S'^^A' 


0.731 


0.269 


» • 




S' V 


0.352 




0.648 




S' V 


0.449 




0.551 




S'' L''' 


0.521 




0.479 




S' V 


0.620 




0.380 




S^'lu'' 


0.710 




0.290 




S'^V 


0.765 




0.235 




S'"V 


0.830 




0.170 




S' M'^' 


0.428 






0.672 


S' W 


0.529 






0.471 


3// M^^' 


0.600 






0.400 


S' M' 


0.692 






0-308 


S'^'M'' 


0.771 






0.229 


S'^M' 


0.818 






U.182 


S'^'M' 


0.871 






0.129 
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different Compounds of Silica^ Mumina^ Lame and Mitgnesin. 

REMARKS. 



slightly coherent 

do. do. in a somewhat higher degree than the preceding, 
coherent; but less so than the bisilicate. 

slightly coherent; rather less than the disilicate. B.; merely agglomerated, 
coherent; less than the tersilicate. 

do. the most so of any. Berthier found this strongly agglomerated. 

do. less than the tnhemisilicate. 



frit; crushing between the fingers. B.; part scoriform, part pulverulent 

semi-fused ; but not into a button. 

fused into a button. Berthier do. 2| hours heat of 176^ P. 

do, an enamel-button. Berthier found it to resemble porcelain. 

do. an irregular enamel. 

do. an irregular enamelled mass, 
porcellanized. 



slightly coherent; crushes rather leds fine than the disilicate. 

do. do. crushes rather less than the silicate, 
more do. than the preceding. B.; softened but not fused, 
strongly coherent ; crushes entirely between the finger. B.; commt of fusion. 

do. do. crushes more fine than the tersilicate. 

do. do. crushes more fine than the tnhemisilicate. 

do. do. crushes less fine than the last. 
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NOMKIfCLATDftR OF COVPOimi 


▲TOMS. 


coarocnrDa 


BT WRIGHT. 




SIUCA.. 1 ALUMIIfA.. 


1 LUCK. I HAGSnU 


Binary Combinations. 








Alumina and Lime, 








trialuminate of lime, 


A' V 


. . 0.375 


0.625 . . 


• 

dialmninate do. 


k' h'' 


. . 0.474 


0.526 . . 


trihemiakiminate do. 


A'' V 


. . 0.546 


0.454 . . 


almninate do. 


A' V 


. . 0.643 


0.357 . . 


sesquialuminate do. 


A'^'L" 


. . 0.730 


0.270 . . 


bialuminate do. 


A'V 


. . 0.783 


0.217 . . 


teralmninate do. 


A'^'L' 


. . 0.844 


0.156 , . 



Alumina and Magnesia. 



trialuminate of magnesia, 


A' M''' 


. 0.453 . . 


0.547 


dialmninate 


do. 


A' M'' 


. 0.554 . . 


0.446 


trihemialmninate 


do. 


A'' W 


. 0.623 


1 


0377 


aluminate 


do. 


A' M' 


. 0.713 


1 


0587 


sesquialmninate 


do. 


A'^'W 


. 0.78S 


1 

1 , , 


0512 


bialmninate 


do. 


A'' M' 


. 0.83S 


f • * 


0.168 


teraluminate 


do. 


A'^'M' 


. 0.882 


* . * 


0.118 


Lime and Magnesia, 










trimagnesiate of lime, 


M' L"' 




. 0.805 


0.195 


dimagnesiate 


do. 


M' V 




. 0.734 


0566 


trihemimagnesiate do. 


W lu"' . 




. 0.674 


0326 


magnesiate 


do. 


M' L' 




. 0.579 


0.421 


sesquimagnesiate 


do. 


WV' 




. 0.479 


0.621 


bimagnesiate 


do. 


W V 




0.408 


0.592 


termagnesiate 


do« 


M'^X' 




. 0.315 


0.^5 
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REMARKS 



porcellanoi'd. 

porcellanized. 

fused into an irregular mamelonated mass : less frit than the bialuminate. 

do. a greenish enamelled button. 

do. a button. 

do. an irregular mass — ^partly a frit 

do. a bead. 



no apparent action : mass crushes to powder in the fingers. 

mass crushes to powder: less combination than in the silicate. 

no apparent action. 

slight combination but no fusion; mass remarkably luminous. 

evidences of slight combination. 

no apparent action. 

slight combination. 



crushes to powder in the fingers. 

do. do. 

do. do. 

agglutinated; crushes in the fingers, 
crushes to powder. 

crushes to powder; less afifected than the magnesiate. 
do. do. 
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HOMEHCULTUSB OP COKPODND. 



▲T01I8. 



COMPOOMIW BT WnOKT. 

SILICA. I AtUIUXA. I LIH£. | KA6XESU 



Ternary Combinations. 

Silica^ Alumina^ lAme. 
Silicate of 



alumina & lime, 




S' A' L' 


0.368 


0.407 


0525 


• • 


dialiiminate of lime, 




S' A' U' 


0.300 


0.332 


0.368 . . 


trialmninate do. 




S' A' U'^ 


' 0.254 


0.280 


0.466 . . 


bialmninate do. 




S' A'' U 


0.262 


0.578 


0.160 . . 


Disilicate of almnina & lime, 


S' A'' V 


0.226 


0.498 


0.276 . . 


trihemialuminat^ of lime, 


S' A'' V 


0.198 


0.438 


0.364 . . 


teralmninate 


do. 


S' A'^^L' 


0,203 


0.673 


0.124 . . 


sesquialuminate 


do. 


S' A'''U' 


0.181 


0.598 


0.221 . . 


Trisilicate of almnina & lime, S' A'^'V 


0.162 


0.539 


0.299 . . 


Bisilicate of 












alumina & lime, 




S'' A' U 


0.538 


0.297 


0.165 . . 


dialuminate of lime. 




S'' A' L'' 


0.462 


0.255 


0.283 




trialmninate do. 




S'' A' U'' 


0.404 


0.224 


0.372 




bialuminate do. 




S'' A'' U 


0.415 


0.458 


0.127 




trihemialuminate do. 




g// ^// L/// 


0.331 


0.365 


0.304 




teraluminate do. 




S'^ A'^'U 


0.337 


0.559 


0.104 




seRqiiiahiminate do. 




g,/ ^///L/, 


0.306 


0.507 


0.187 




Trihemisilic. of alum. & lime, 


g,/ A^'^L'^' 


0.280 


0.463 


0.257 




Tersilicate of 












alumina & lime. 




S'^^A' U 


0.636 


0.234 


0.130 . , 


dialuminate of lime. 




S'^'A' V 


0.563 


0.207 


0.230 


K • 


trialuminate do. 




g///A' w 


0.505 


0.186 


0.309 


» ■ 


bialuminate do. 




S'^'A'^ U 


0.516 


0.380 


0.105 




Sesquisilicate alum. & lime. 


g/z/^// L'^ 


0.466 


0.344 


0.190 




trihemialuminate of lime. 


g/z/^// L''^ 


0.425 


0.314 


0.261 




teraluminate 


do. 


g/z/^/z/L' 


0.433 


0.479 


0.088 




Aesquialuminate 


do. 


S"'A'^'L'' 


0.398 


0.440 


0.162 





175 



REMARKS 



fiised into a transparent glass bead. 

do. a mamelonated button, 
porcellanized. M. Berthier found, a mass partly pulverulent' 
fused into a glass bead; more fusible than the preceding. 

do. a glass button. 

do. two buttons; less fusible than the last 

do. a button ; rather more fusible than the last 

do. an irregular enamelled porcelain. 

do. do. ; rather less fusible than the last Lampadius found 

these proportions nearly, a porcelain. 

fused into a transparent glass bead ; more beautiful than S^AIj^ 
do. do. do. 

do. a glass button. Berthier, an opaque, porcelain-white button, 
do. do. ; not so transparent as S'^AX^ or S'^A'L'^. 

do. do. ; more enamelled and less transparent than last 

do. do. ; less enamelled and more transparent than last 

do. a transparent glass button. Lampadius, a porcelain, 

do. a glass button; less transparent than the last 



porcellanized. 

fused into a glass button. 

do. a transparent glass button. Lampadius, a porcelain, 
highly enamelled porcelain, 
do. do. 

do. do. ; less fusible than the last Epidote. B^ com* 

enamelled porcelain. [pact button of granulated firactore* 

do. do. ; not so fusible as the last 
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WOmtMOLATDRB OF OOMroaiTD. 



ATOKI. 



COKPOUHDI BT WSIOBT. 



■ILICA. AU7MIKA. 



LUCK. I MAaimu 



Ternary Combinations. 
Silicoj AluminOf Magnesia, 
Silicate of 



alumina & magnesia, 


S' A' M' 


0.392 


0.433 


. . 0.176 


dialuminata of magnesia, 


S' A' M^' 


0.334 


0.367 


. . 0.297 


tnaluminate do. 


S' A' M''- 


' 0.291 


0.321 


. . 0.388 


bialuminate do» 


S' A^'W 


0.273 


0.605 


. . 0-122 


Disilicate of alum. & magnet 


1. S' A''W 


0.244 


0.539 


. . 0.217 


trihemialuminate of magnet 


1. S' A''W 


' 0.220 


0.486 


. . 0.294 


teraluminate do. 


S' A'^'W 


0.210 


0.696 


. . 0.094 


sesquialuminate do. 


S/ A'^'W 


0.192 


0.637 


. . 0.171 


Trisilicate of almn. & magnes 


. S' A'^'W 


' 0.177 


0.587 


. . 0.236 


Bisilicate of 










alumina & magnesia, 


S'^ A' M' 


0.563 


0.311 


. 0.126 


dialuminate of magnesia, 


S^^ A' W 


0.500 


0.277 


. . 0.223 


trialuminate do. 


S'^A' W 


0.450 


0.249 


. 0301 


bialuminate do. 


S'' A'' M' 


0.429 


0.475 


. 0.096 


trihemialuminate do. 


g// A'' W 


0.361 


0.398 


. 0541 


teraluminate do. 


g// A///M' 


0.347 


0.576 


. 0.077 


sesquialuminate do. 


g// A'^'W 


0.322 


0.534 


. 0.144 


Trihemisilic of alum. & magn. 


g// A''^''' 


0.301 


0.498 . 


. 0501 


Tersilicate of 










alumina & magnesia. 


S"^A' M' 


0.659 


0.243 


. 0.098 


dialuminate of magnesia. 


g/z/^/ M^' 


0.601 


Oi221 


. 0.178 


trialuminate 'do. 


S'^'A' W 


0.551 


0503 


. 0546 


bialuminate do. 


g,/,A// M' 


0.530 


0.391 . 


. 0.079 


Sesquisilicate of alum. &mag. 


g///A^/ M^' 


0.492 


0.362 


. 0.146 


trihemialuminate of magn. 


g///A'' W 


0.458 


0.338 


. 0504 


teraluminate do. 


g/„A^''M' 


0.444 


0.490 


. 0.066 


sesquialuminate do. 


S'^A'^'M'^ 


0.416 


0.461 


. 0.123 
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REMARKS. 



slightly coherent 

strongly coherent; not crushed in the fingers. 

incipient porcellanization. 

strongly coherent; only crushed between the nail and a steel anvil. 

do. do. ; breaks, but does not crush, do. do. 

porcellanized, mamelonated. 
strongly coherent; contracts in bulk, very much, 
enamelled; does not break under the nail, 
porcellanoi'd. 



slightly coherent. 
poTcellanized. 

do. 
strongly coherent 
porcellanized. 
porcellanoid. 
porcellanized. 

do. 



porcellanoid; breaks with the nail. 

do. 

do. 

do. 
strongly agglutinated, 
porcellanized. 
porcellanoid ; more tender than S^'A'M 

do. ; less tender than the last 

23 
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NOXBHOLATDBS OT COXPOOHD. 



ATOKI. 



COMPOniTDS BT WnOBT. 
8IUCA. I ALUMIHA. I LIME. | MAQmU 



Ternary Combinations. 

Silica^ Magnesia and Ume. 

Silicate of 
magnesia & lime, 
bimagnesiate of lime, 
termagnesiate do. 
dimagnesiate do. 

Disilicate of magn. & lime, 
sesquimagnesiate of lime, 
trimagnesiate do. 

trihemimagnesiate do. 

Trisilicate of magn. & lime, 

Bisilicate of 
magnesia & lime, 
bimagnesiate of lime, 
termagnesiate do. 
dimagnesiate do. 

sesquimagnesiate do. 
trimagnesiate do. 
trihemimagnesiate do. 



Tersilicate of 
magnesia & lime, 
bimagnesiate of lime, 
termagnesiate do. 
dimagnesiate do. 

Sesquisilic. of magn. & lime, 
sesquimagnesiate of lime, 
trimagnesiate do. 

trihemimagnesiate do. 



S' L' M' 


0.486 


. . 0.298 0.216 


S' U M'' 


0399 


. . 0245 0356 


S' L' W 0.339 


. . 0.208 0.4S3 


S' L'^M' 


0.374 


. . 0.459 0.167 


S' L'' M'^ 


0.321 


. . 0.393 0.286 


S' V' M'^^ 0.281 


. . 0.344 0375 


S' h'^'M' 


0.304 


. . 0.560 0.136 


g/ L''^^' 


0.268 


. . 0.493 0239 


g/ L'^Hd^^ 


' 0.240 


. . 0.440 0320 


S'^ V W 


0.654 


. . 0.200 0.146 


S'^ L' M^' 


0.571 


. . 0.175 0.254 


S"L' M'^' 


0.507 


. . 0.155 0338 


S'^ V W 


0.545 


. . 0.334 0.121 


S'' L'' W 


0.438 


. . 0.269 0.293 


S'' L'^'M' 


0.467 


. . 0.429 0.104 


g// L'^'M" 


0.423 


. . 0389 0.188 


g// L'^IVI''^ 


0.387 


. . 0.355 0.258 


S^'^L^ M' 


0.739 


• 

. . 0.151 0.110 


S'^'L' M'' 


0.666 


. . 0.136 0.198 


g///L/ ]^.// 


0.606 


. . 0.124 OiJ70 


S'^'L" M' 


0.642 


. . 0.263 0.095 


g///Lv jyi// 


0.586 


. . 0.240 0.174 


g///L/, ]y|/// 


0.540 


. . 0.220 0.240 


g///L//,]y|, 


0.568 


. . 0348 0.084 


g//,L///]^// 


0.524 


. . 0321 0.155 
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REMARKS. 



fused into a translucent enamel bead. 

do. do. do. ; more translucent than the last, 

enamel mass, 
porcelain; unenamelled. 
porcellanized. 

do. 
porcellanoid; crushes between the nail and finger, 
only agglutinated; crushes between the fingers, 
less agglutinated than the last 



opaque enamel bead. 

translucent enamel button. Pyroxene. B. found a compact translucent mass. 

enamel button; more translucent than the last. 

enamel bead ; more opaque than S^^L^M^ Pyroxene. B.; opaque compact 

vitreous enamel button. [button. 

highly enamelled porcelain. 

porcelain; more highly enamelled than the last 

enamel button. Peridote. Berthier found it a compact button. 

porcelain; slightly enamelled. 

do. ; more enamelled than the last 
do. ; highly enamelled, 
beautiful enamel bead, 
enamel button; not so fusible as the last 
do. ; more fusible than the last 
do. ; porcellanous in the centre, 
do. ; more fiised than the last. 
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MOMKHCLATURB OF OOMPOCND. 



▲TOMS. 



COXPO0KD8 BT WBXOBT. 



8IUCA. ] A.LDIURA« | LIMB. | MAOSIBSU 



Ternary Combinations. 
Alumina^ Magnesia and Lime, 
Aluminate of 



magnesia & lime, 


A' L' M' 


. . 0.511 


0.283 


0J206 


bimagnesiate of lime, 


A' V W . 


. . 0.424 


0.235 


0.341 


termagnesiate do. 


A' L' W' 


. . 0.362 


0.201 


0.437 


dimagnesiate do. 


A' L'^M' 


. . 0.398 


0.442 


0.160 


Dialuminate of magn. & lime, A' L'' M'' 


. . 0.343 


0.381 


0.276 


sesquimagnesiate of lime, 


A' U'W 


. . 0.302 


0.334 


0.364 


Irimagnesiate do. 


A' L'"M' 


. . 0.326 


0.543 


0.131 


trihemimagnesiate do. 


A' L"'M'' 


. . 0.288 


0.480 


0.232 


Trialmninate of magn. & lime. A' VW 


, . 0.258 


0.430 


0.312 


Bisaluminate of 










magnesia & lime. 


A'^L' M' 


. . 0.676 


0.188 


0.136 


bimagnesiate of lime, 


A''L' M" 


. . 0.595 


0.165 


0i240 


termagnesiate do. 


A^'L' W 


. . 0.532 


0.147 


0.321 


dimagnesiate do. 


A^' L'^ M' 


. . 0.569 


0.316 


0.115 


sesquimagnesiate do. 


A" L'' M"' 


. . 0.463 


0.257 


0.280 


trimagnesiate do. 


A'' L'"M' 


. . 0.492 


0.409 


0.099 


trihemimagnesiate do. 


A'' L"'M" 


. . 0.448 


0.372 


0.180 


Trihemialumi. of mag. & lime. A'' L"^M''' , 


} . 0.411 


0.341 


0.248 


Teraluminate of 










magnesia & lime. 


.A'"L' M' 


. 0.758 


0.140 


0.102 


bimagnesiate of lime. 


A'^li' M" . 


. 0.689 


0.127 


0.184 


termagnesiate do. 


^,//L// M^'^ . 


. 0.631 


0.116 


0.253 


dimagnesiate do. 


A''^L" M' . 


. 0.666 


0.245 


0.089 


Sesqnialum. of magn. & lime. 


A^/fL// M'' 


. , 0.611 


0.225 


0.164 


sesquimagnesiate of lime. 


A'"L''M''' . 


. 0.565 


0.208 


0.227 


trimagnesiate do. 


A^'^L'^'M' 


. 0.593 


0.328 


0.079 


trihemimagnesiate do. 


A'''U''W , 


. 0.549 


0304 


0.147 
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REMARKS. 



fused into an irregular, enamelled mass, 
do. enamelled button, 
do. enamelled mass. 



porcelain 
do. 
do. 



enamelled on the points and edges. 

more enamelled than the last 

highly enamelled, 
porcellanized ; with minute out-sticking points, 
do. ; more uniform surface than the last 
do. ; more enamelled than the last 



fused into a vitreous enamel button, 
enamel button. 

do. ; more lustrous than the last Achard, nearly this propor- 

irregular enamelled mass. [tion, a porcelain, 

enamel button. Achard, nearly this proportion, a porous porcelain, 
enamelled porcelain. 

do. ; more enamelled than the last 

do. ; do. do. 



enamel button. 

vitreous bead. 

enamel button; more opaque than A'^'L'M'. 

do. ; more translucent than the three preceding. 

do. ; less translucent, more lustrous than the last 

do. ; high lustre. 

vitreous enamelled mass. 

enamel button; less translucent than the last The first six of these ter- 

silicates were with difficulty retained on the wire, owing 

to their disposition to fly off at the instant of fusion. 
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HOMING LATHRB OF COMPOUKD. 



ATOMS. 



COMTOnXDS BT WnOBT. 
■ ILICA. I ALDMIWA. ( LIME. ) MAantm 



Quaternary Combinations. 

TersUicate of the teralumi- ) s/z^a'^'L' M' 0.407 0.450 0.083 0.060 
nate of magn. & lune, ) 

« 

BisQicate of the teralumi- > g„ ^,,,l' M' 0.314 0.520 0,096 0.070 
nate of magn. & lune, > 



ilicate of the bisalumi- > g,,,^„ l' M' 0.478 0.353 0.098 0.071 
te of magn. & lime, > 



Tersilicate 
nate 



SUicate of the teraluminate > g, ^„^, j^, q ^gg q^j^ q^^ qq^ 
of magnesia & lune, ) 



BiflUicate of the bisalumi- > g„ ^,, ^^ M' 0.380 0,420 0.116 0.084 
nate of magn. & lime, > 

Tersilicate of the aluminate > g,,,^, ^^ j^, Q^gj q214 0.119 0.086 
of magnesia & lime, ) 

Silicate of the bisaluminate > g, ^„ ^, j^, ^^^34 0.518 0.144 0.104 
of magnesia & lime, > 



imcate of the sewjuialu- > g,,,^,,^,, jyj,, Q35g Q393 q 145 q jog 
mate of magn. & lime, > 



Tersilicate 
minate of magn 



BisUicate of the aluminate > g,, ^, ^, ^, q ^gQ q 266 0.147 0.107 
of magnesia & lime, ) 

SUicate of the aluminate of >g, ^, ^, ^, Qgjg Q349 q ^94 Q141 
magnesia & lime, > 

Bisilicate of the trihemialu- > g,, ^„ i^^^^w 0.271 0.299 0.249 0.181 
minate of magn. & ume, ) 

SUi(»te of the dialuminate > g, ^, ^'^M^' 0.211 0.290 0.262 0537 
of magnesia & lime, ) 

Sm<»te of the tiialuminate > g, ^, L'"M''^ 0.190 0.209 0348 0,253 
of magnesia & lime, ) 
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REMARKS. 



enamelled mass ; semi-vitreous lustre. 



enamelled porcelain. 



vitreous bead 



do. 



do. 



do. 



do. 



do. 



do. 



do. 



do. 



less transparent than S'''A"'VM'\ 



not quite so transparent as S^A^^L''M^ 



do do. nor so thoroughly combM as S'A^L'M^ 



more transparent than S^'A^'L^M'. 



do. than any of this series. 



not quite so transparent as S'^A'1j'^^W'\ 



do. do. 



S'A'^^L'M'. 



more transpt. & more thoroughly combined thanS'^A^'L'M^ 



do. and more combined than S'A^L^M^ 



fused into an irregular mass ; part vitrified, part enamel, part porcelain. 



porcelain slightly enamelled. 
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Such are the results of the experiments. Nearly every 
series goes to shew, that the limits of favorahle combination 
exist in the proportions which have been employed; and that 
within these limits there is a yet narrower range, wherein the 
effect of the applied heat is a maximum. 

The general deductions, which occurred to me as defining' 
and substantiating this maximum, may be considered in two 
main aspects: both of which, however resting upon apparently 
different physical data, are, I doubt not, reciprocal, and flow 
from the same universal principle; although I confess myself 
not yet prepared, either to demonstrate satisfactorily the con- 
nection, or to establish in an unobjectionable manner the prin- 
ciple. 

The first of these aspects is the one under which M. Ber- 
thier seems already to have regarded the subject; and which I 
have alluded to in speaking of the motives for the nomencla- 
ture. It is simply the presence, in different degrees, of the 
electro-negative element — oxygen — according to the propor- 
tions of the compound. All the experiments tended to shew, 
that much depended upon the degree of comminution and inti- 
macy of mixture to which the substances were brought, i. e. 
to the contiguity of the elements: although inert at ordinary 
temperatures, it was manifest that the chemical combination 
took place when a temperature, suitable to the exercise of the 
actual affinities, was created, and that such combination always 
preceded fusion; and it would seem thence neither forced nor 
far-fetched to suppose, that the activity or intensity of those 
affinities are displayed in proportion either to the oxidainUtyj or 
to the state of oxidation^ of the substances respectively and of 
the mass. 

The former of these conditions takes in account the combi- 
ning weights of the oxidable elements; and rests only on the 
supposing that the mass shall be brought to the same isome- 
rism, or chemical form, with the most oxidable of its constitu- 
ents. Thus, for instance, we have in the substances in ques- 
tion degrees of oxidability of the original element from simple 
oxides up to ter-oxides,— or expressible under the forms RO^ 
/PCH, ACH: in a case of combination wherein the sesqui-oxide 
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the highest degree, all the elements must be brought to the 
state of sesquioxide; and of the teroxide, if that be the high- 
est, and so on. 

To give the hypothesis at once a sufficiently general expres- 
sion: if we take any number of uncompounded elements, 
whose combining weights are represented by the symbols 
0-, «, A, ft, etc. and the ratios of whose combination with oxy- 
gen are in any series, as HO, HO* .... RO*; n being the 
number of terms in such series; and if we take farther 

and (0 the combining weight of oxygen; the formula of the 
assumed combination will be 

, 1 — nx(ti _ 

hence pL — 7 : t ?— rr .— y: and 

^ — jy? ^'^py^ 9-^ my. 

This equation, suitably applied according to the orders of 
combination, i. e. binary^ ternary, etc. gave me quantities, with 
which tlie results of the Table (so far as the aluminates of 
magnesia and lime are not concerned) strikingly accord. 

The consideration of the other condition which I just now 
mentioned, i. e. the state of oxidation of the substances com- 
pounded, gives rise to other expressions, whose exposition 
may assist in throwing light upon the subject. 

If we call the radical in the different oxides unity, their 
respective proportions of oxygen are as under: 



Silica : 


1.067 — 0- 


Alumina: . 


0.875 — 


Magnesia: . 


0.630 — 0« 


lime : 


0.390 — O** 



Now, this series represents experimentally the order of the 
respective efficiency of the substances in question, in combina- 
tion at high temperatures; and hence we may regard the pro- 
portion of oxygen as the index of combination and of fusion. 

24 
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Farther, it is demonstrable that the greatest amount of free 
oxygen exists when substances, having it in different d^rees, 
are so presented to one another as to contain, each, equal quan- 
tities. Upon this it may follow, that the substances will be in 
the most favorable proportions for fusion, when they are in the 
ratios of the mean amount of oxygen to the amount held by 
each respectively. 

These proportions are obtainable by the developement of 
equations like the follovnng: in which n represents the order 
of combination; S, L, . . . etc. the combining weights of the 
oxides; and x, x\ . . . etc. the proportional weight sought: 

0' +0- + 0"+-- _ z and 

n 

z z 

I have applied these equations to the series of combina- 
tions; with results generally approaching those given by expe- 
riment. Thus, for instance, the most fusible proportions are 
by theory: Silica: 0.676 by experiment: 0-644 
Alumina: 0.325 0.356 

Alumina: 0.803 0.844 

Lime: 0.197 0.156 

Alumina: 0.678 0.689 

Magnesia: 0.178 0.184 

Lime: 0.144 0.127 

The general conclusion both from the theory and the expe- 
riments may be stated, as being that the most favorable pro- 
portions, in a binary combination, are the bisilicate of alumina 
and simple silicates of magnesia or lime, the teraluminate of 
magnesia or lime, and the simple magnesiate of lime. In cases 
of ternary combination the affinities seem to be exercised in a 
similar manner: thus, the most favorable proportions are the 
bisilicate of alumina and lime, or of magnesia and lime, the bi- 
silicate of the sesquialuminate of magnesia, and the teraluminate 
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of the bimagnesiate of lime. If a quaternary combination be 
made, by replacing in the last named compound one atom of 
alumina by one atom of silica, the fusibility and beauty of the 
product is gready increased. 

The effect of very minute proportions of an additional ele- 
ment is shewn by comparing No. 13 of the silicates of alumi- 
na and magnesia (p. 176) with No. 1 of the quaternary series; 
wherein, an addition of less than 8 per centum of the most infu- 
sible substance raises the fusibility, from strong coherence to the 
state of enamd. 

The other main aspect to which I have referred, is that 
which takes into account the relative specific heeUs of the sub- 
stances presented for combination. Fully to develope and 
substantiate this aspect requires (in order to avoid being led 
away by coincidences merely accidental) a more comprehen- 
sive series of experiments than only upon the few substances 
mentioned here; and even to present all the details of the 
investigation in which I have occupied myself in regard to 
these few, would demand more space than can be allowed to 
this note. I can therefore do no more, here, than indicate the 
general steps which I have so far taken in the research; with- 
out meaning to affirm that some of these may not have hereaf- 
ter, upon a larger experience, to be retraced. 

The starting principle is the assumption that each ultimate 
atom of all elementary bodies has the same specific heat; a pre- 
sumption, which the researches of Dulong and Petit long ago 
warranted, which later apparent anomalies induced chemists to 
call in question, but which I consider the recent labors of M. 
Regnault* to have confirmed. This principle is but announced 
in other language, when it is said, that the different combining 
weights of the various elementary bodies give rise to a mani- 
festation of different affections by heat, or that the product of 
such combining weights by the respective specific heat is a 
constant quantity. 

Nor does this constancy of product appear limited to the 

^Comptes Rendus: xii. 56, a. 
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so-called elementary bodies; but extends itself, duly modified, 
(or I should rather say, classified) likewise to compound 
bodies. Thus, it may be deduced from M. Regnault^s obsenra- 
tions (not to cumber ourselves here with the more complicated 
compounds, which have also been the subjects of experiment) 
that in the different oxides there exists a scale of eansUmts^ 
which may be expressed (if confined to whole numbers) as under 

Scale of oxidation : , RO, RO, R0», R«0» etc. 
Scale of constants : • 5 7 9 13 etc. 

Hence arises another position, viz: that the specific heat of 
oxidated radicals may be deduced from the ratio of their com- 
bining weights to their respective constants. In hci^ the spe- 
cific heat of the four substances concerned in this note may be 
stated thus: 

Silica: 0.1935 calculated . 0.19132 experiment 

"Alumina: 0.2529 do. . 0.21732 do. (sapphire) 

Magnesia: 0.2415 do. . 0.24394 do. 

•Lime: 0.1754 

The remaining assumptions are 1^. that the energy of com- 
bination follows the scale of constants, and 2^. that the ten- 
dency to fusion is a rational function of the specific heats; in 
other words, the fusibility of any compound of given sub- 
stances having difierent specific heats is at its maximum, when 
the proportions are such as render the specific heat of the 
aggregate the least possible. 

How these conditions have been satisfied, and the problem 
partially solved, will appear best by the simple exposure of the 
formula I employed: and to which I give here its most general 
expression. 

CaUing 9, a, {, m, . . . etc. the combining weights of any 
number of substances given to be compounded; and 

c -f- c' -f- c'' 4" ^''' + ^ C, the several constants 

* It is not to be expected that pure alumina deposited in fine powder, and 
nearly pure alumina in a crystal of sapphire, should manifest the same specific 
heat. As for that of lime, M. Regnault has not reported his experiments. 
Other observers have given various results from 0.2168 up to 0.300. Both 
cannot be right; and it is likely, neither. 
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and their sum, according to the chemical class to which they 
may belong; and 

A + *' + ^'' + ^''' + — fli the respective speci- 
fic heats, so as that A » - , A' « — . etc. and 

Sy^y L,My. . . , the required proportions of each, so 
that // may be a minimum, n being the number of substances 
combined in any case: we have 

cH 



5- 



Jl^ 



Chn 

cH 

Ch'n 



"■ C A" n 

c"' H 
M mm— ------ .... etc. etc. 

6 A''' n 

If we take n ^ 4, and substitute for the other symbols their 
numerical value (&' in this case being equal to &'') we shall 
derive for a quaternary combination, S = 0.314, A = 0.317, 
L = 0.191, •»/= 0.140. 

This compound (which represents very nearly a composi- 
tion by single atoms) I find noted on my journal, as fusing more 
instantly and developing more intense light than any other of 
the same series, although the vitreous bead produced was not 
so transparent as one or two others. 

Such are the details which appeared to me fitting to be 
given at present in connection with the subject of this note. 
Elsewhere, I shall pursue the same matter again. 



F" 
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